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INTRODUCTION 

India has a predominant agricultural land use. Its land area of 329 million 
hectare is facing serious problems of land degradation. The current land use shows 
181.14 Mha under gross cropped area of which 139.52 Mha are net sown and 59.64 j 

Mha gross irrigated. The area under forests is 63.888 Mha (State of Forest report, 1997, 

Forest Survey of India, Dehradun). The current situation of degraded lands in India ; 

1 

shows 210 Mha area facing one or the other type of problem. Land degradation is > 
a global problem. The Asian region has its much serious proportion. 

! 

Over population contributes to environmental problems such as atmospheric 
pollution, deforestation, global warming, acid rain, clirnatic changes, water scarcity, top 
soil erosion etc. According to Lester Brown of World Watch Institute farmers of the 
World have to grow food for 95 million more people every year using 25 million tonnes 

' ^ 

less of top soil. When the World population grows from some 5.3 billion now to 10 | 

billion by 2050, the loss of fertile soil due to soil erosion every year on an average i 

would lead to permanent food shortage. I 

The present human population of 940 million in India is expected to cross 1 | 

billion by the beginning of next century when our food demands would be about 230 j 

M t as against the current status of 192 M t. This will call for strategies of increasing 
per ha yield since area expansion will not be possible (Paroda 1996). 

Livestock population reached 450 million in 1987 and is expected to have 
crossed 500 million by now. During past decades the population of sheep and goat has 
shown an increase of 40%. While the animal population status has shown steep rise, the 
grazing area and their production status has declined. The increasing animal pressure 
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on limited land resource is the serious threat to sustainability and prime cause of 
desertification. The loss of soil cover (vegetation) and increasing animal pressure 
accelerate soil erosion and run-off triggering the process of desertification. These 
processes have been studied in detail (Singh 1994). 

As against the stipulated forest cover of 33.0 per cent, required to maintain 
ecological balance, we are left with 11.5 per cent of the total land area under tree cover. • 
An additional 10.0 per cent of the land, measuring about 35 - 40 million ha belonging 
to the forest departments is either denuded or with less than 40 per cent canopy cover. 

The annual productivity of our forests is less than 1 cu m/ha as against the World 
average of 2.5. The damage to these fragile natural forests continues unchecked due to 
indiscriminate felling of trees, mining, development projects and uncontrolled grazing. 
Current annual removal of fuel wood from these forests is around 220 million tonnes 
against the production capacity of about 28 million tonnes (Anon 1996). 

i 

! 

The per capita forest area decrease (from 0.20 ha to 0.09 ha in the period, 1951 
to 1991) is also prominent which is causing the problem of maintaining sustainability. 
Heavy pressure on natural resources, limiting land availability, depleting soil fertility, 
waterlogging, salinity, alkalinity, acidity, sand drifting, soil erosion, runoff, siltation of 
rivers, floods, droughts, environmental deterioration and ecological disturbances are the 
main causes of declining sustainability. Wastelands which are categorized and classified 
as degraded forest lands contain badly eroded marginal and submarginal farm lands and 
public land owned by government agencies like railways, canal, public works, 
educational institutions, village panchayats etc. (Tewari 1994). The area under different 
category of degraded lands and the problematic soils are presented in table 1.1. 

Such extensive deforestation can accelerate soil erosion, floods and land slides 
in hilly areas, which in turn may affect crop production, both in hilly and plain regions. 
Denuded wastelands increase the atmospheric temperature, loss of their water holding 
capacity and often cause changes in the climate. It is necessary to conserve these 
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resources and use them on a sustainable basis for our survival. 

Table 1.1: Extent of degraded lands and other problematic soils in India. 


CATEGORY 

OCCURRENCE 

AREA 

(m ha) 

Area subject to serious 

water and wind erosion 

Water erosion areas in all climatic regions specially and 

sub-humid and humid areas. Wind erosion areas mostly 

in arid regions of Gujarat, Rajasthan and Haryana 

150.0 

Riverain land, coastal sandy 

areas and high altitude and 

steeply sloping lands. 

Coastal regions, interior mountainous regions and steep 

slopes in Himalaya 

11.3 

Salt affected lands. 

Semi-arid regions of Indo-Gangetic plains and peninsular 

regions. 

8.5 

Water logged areas. 

Low lying areas in high rainfall regions and irrigated 

areas etc. 

6.0 

Ravine lands 

Banks of rivers in Gujarat, Rajasthan, M.P. and U.P. . 

4.0 

Shifting cultivation 

Mostly in north-eastern region. 

3.0 

Acid soils 

Higher altitudes of Himalayas, eastern and north eastern 

plains and peninsular and coastal plains 

25.0 

Barren hill ranges on rock 

out crops 

Distributed in hill ranges in various states 

2.7 


Source: Hirekerur et al. (1990), Mandal (198^) and Singh (1992). 


Thus, while food production is being maintained, the vital supplies of firewood 
for rural energy needs (cooking) and fodder for livestock are at a deficit. Our existing 
resources can only supply up to 17% of the firewood needs and 47% of the industrial 
wood. This situation compels the use of crop residues for fodder and firewood and also 
the animal dung manure is diverted for domestic energy needs. The current demands 
of about 1000 M t of organic manure for profitable agriculture gets a supply of hardly 
one third of 170 M t produced. Most of it is diverted to house hold energy needs as 
dung cake. This is regarded as a serious threat to future sustainability of agriculture. 
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Considering the above situation, energy, plantation was emphasized by many 
(NCA 1976, Patil and Pathak 1977). Energy plantation is a high density plantation 
forestry with short and mini-rotation species of woody perennials on degreed lands, 
marginal agricultural lands, crop field boundaries etc. The wood of high calorific value 
forms a better choice as firewood since it is a renewable form of energy. Use of biomass 
energy has found favour over the other non-renewable forms of energy viz, coal, 
petroleum products etc. due to its non-polluting nature and easy to produce in situ by 
the users. 

During the past 20 years research on such short rotation multipurpose tree 
species (MPTS) has been intensified and emphasized. There also have been efforts to 
work on nitrogen fixing tree species (NETS) to fulfil the demands of agriculture. The 
efforts at global level to give emphasis and research thrusts on these species are credited 
to Nitrogen Fixing Tree Association (Hawaii) and Winrock International’s MPTS 
Research Network (Bangkok). In such programmes interest was generated globally on 
many leguminous and non-leguminous tree species of which Leucaena Leucocephala 
was the prime tree species. 

In the last two decades, Leucaena Leucocephala and its varieties from Hawaii 
have been imported and planted in many tropical countries for fodder, fuel, fertilizer, 
conservation and several other attributes. The two early monographs by National 
Academy of Sciences, Washington (NAS 1977, 1984) entitled Leucaena : Promising 
Forage and Tree Crop for the Tropics gave further impetus to this research. 

During the 1970’s and early 1980’s Leucaena leucocephala (Lam.) de Wit. 

’ (Leucaena) was proclaimed as the miracle tree because of its world wide success as a 
long lived and highly nutritious forage tree, and its great variety of other uses. As well 
as forage, Leucaena can provide firewood, timber, human food, green manure, shade 
and erosion control. It is estimated to cover 2-5 million ha world wide (Brewbaker and 
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Sorenson 1990). 

Leucaena has its origin in central America and the Yucatan Peninsula of Mexico, 
where its fodder value was recognized over 400 years ago by the Spanish conquistadors 
who carried Leucaena feed and seed on their galleons to the Philippines to feed their 
stock (Brewbaker et al. 1985). From there it has spread to most countries of the tropical 
world where Leucaena was used as a shade plant for plantation crops. Duthie (1903) 
opines that the plant is introduced in India and is becoming naturalized in many places. 

Leucaena is a genus of family Mimosoideae with about 16 species. Its taxonomy 
is confused. Although all the species may have value through out the tropics, only 
Leucaena leucocephala (Lam.) de wit has been exploited extensively. Leucaena 
leucocephala has been recorded in the literature under several botanical names. The 
present position about their recognized subspecies, chromosome number and the origin 
are presented in table 1.2. 

Common Names 

Few countries lack their own names for Leucaena. Some known ones are: guaje 
in Latin America, Subabul earlier known as kubabul in India, Ipil - Ipil in Philippines, 
Lamtoro in Indonesia and Yin hue whan in China, the Hawaiians named it as koa haole 
and Leucaena varieties developed in Hawaii are named K8, K28, K636 etc., K for koa. 
The classical work of Brewbaker (1987) generated many versatile selections of this 
species, which were later introduced in many countries of the tropics. 

Botany 

Leucaena vary widely in leaf and tree shape. Duthie (1903) describes Xewcaena 
g/aMCfl (Family Fabaceae) as a shrub or small tree with large alternate and bipinnate 
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Table 1.2 : Recognised species, subspecies their chromosome number and origin. 


Recognized species and 
authorities 


1. L colUnsU B&R 


2. L confertiflora 
Zarate ined 


3. L cuspidata Standley 


4. L diversifolia 
(Schlecht.) Benth 


5. L esculenta (Moc. & 
Sesse ex ADC) Benth. 


Recognized 

subspecies 


collinsii 

Zacapana 


adenotheloidea 

confertiflora 



diversifolia 
stenocarpa (Urban) 
S. Zarate com. ined 


esculenta 
matudae Zarate 
ined 

paniculata (B.&R.) 
S. Zarate comb, 
ined 


6. L greggii S. Watson 


7. L. involucrata 


8. L lanceolata S. Watson 


9. L lempirana 


10. L leucocephala (hdm.) de 
Wit 



ChromoS" 

Plant height 

ome 

(m) 

number 


52 

5 - 15 

not known 

6 - 15 

c. 112 

3-5 

c. 112 

3-6 

104 ■ 

8-20 

52 

3-20 

52 

12-20 

not known 

6-10 

104 

4 - 20 

56 

3 - 7 


(unassigned) 

lanceolata 

sousae 


(unassigned) 
leucocephala 
ixtahuacaena 
glabrata (Rose) S. 
Zarate 



Soutiiem Mexico 
- do - 


Central Mexico 


Northern eastern 
Mexico 


Vera Cruz 
Guatemala 


Central Mexico 
south central Mexico 
Jalisco 


11. i. multicapitulata Schery 



Nuevo Leon 


North west Mexico 


Chihuahua 


Honduras 


Argentiana 
Mexico and 
Guatemala 

Salvador, C. America 


Costa Rica, Panama 
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12. L pulverulenta (Schlecht.) 


13.1. retma Benth. 


14. L salvadorensis Standley 
ex. B&R 


15. Z. shannonii 



shannonii 
magnifica C. E, 
Hughes 


52 4 - 10 

not known 10 - 20 


16. X. magnifica 


\1,L. matudae 


18. X. pallida 


19. X. pueblana 


20. X. trichandra 


21. X. xspontanea 


Vera Cmz 


Texas, Northern 
Mexico 


El Salvador, Southern 
Honduras 


Salvador 


Southern Mexico 


South east Guatemala 


Cmerrero, Mexico 


South central Mexico 



Source: Colin Hughes Ed. 1993 : Leucaena Genetic Resources. Oxford Forestry Institute, Oxford, U.K. 

Bray et al (1997). 

leaves, pinnae are 4 - 8 pairs, leaflets 10 - 15 pairs, 3/8 - 1/2 inches long, linear, acute 
memberaneous, finely downey, peduncles auxiliary, solitary or in pairs as long as the 
petiole bearing a dense globular head of flowers, anthers versatile. Pods 5 - 6 inches 
clustered in umbels, straight linear, flat, shining, many seeded. Seeds are elliptic, 
compressed, shining with different shades of brown colour, 3 - 4 mm wide, 6 - 8 mm 
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long and about 2 mm thick (Fig. 1.1, Plate 1 a & b). 

Ecology 

Leucaena originated in the midlands of Guatemala, El Salvador and Southern 
Mexico (Fig. 1.2 and 1.3). From there it spread through out the coastal low lands by pre 
- Columbian Indians (NRC 1984). The species range from sea level to over 2000 m 
elevation and in areas with annual rainfall between 500 - 2000 mm. Leucaena are 
associated with soils of pH 5 - 8, and are not found on water logged soils, low saturation 
of phosphorus, calcium and high saturation of aluminium and high salinity limits its 
distribution. 

The genus is considered an interbreeding complex and breeding efforts are 
concentrated on producing interspecific hybrids. Leucaena leucocephala has been 
crossed successfully with all other species except L greggii. Over 50 species hybrids are 
now vmder study in Hawaii for gro^vth, form, psyllid resistance, cold tolerance and 
fodder quality. Many hybrids have high commercial potential, notably in cooler climates 
and on certain acid soils where L. leucocephala is an economic failure. 

Brewbaker et al. (1972) recognized different species in the genus Leucaena. 
These species have differential leaf size, flower colour, growth, ecology, distribution and 
other traits. Several collections in the areas of its origin have brought out the 
information about the existence of large variability in this genus with many races. The 
subabul (L. leucocephala) is an amphidiploid (2n = 104). 

Leucaena is a tropical species requiring warm ternperatures (25 - 30 °C day 
temperature) for optimum growth (Brewbaker et al. 1985). At higher latitudes and at 
elevated tropical latitudes growth is reduced. It is not found to be tolerant of even light 
frosts which cause leaf to be shed (Isarasenee et al. 1984). It does not thrive well under 
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3 cm 




Plate 1 ; A) A general view of Leucaena leucocephala tree loaded with pods (April). 
B) A close-up view of flowering branch of Leucaena leucocephala with 
flower, bud and initiating fruits (March). 



Fig. 1.2: Originating in the midlands of Guatemala, Honduras, El Salvador, and southern Mexico, Leucaem 
was spread throughout the coastal lowlands by pre-Columbian Indians. The common type is a rapidly 
flowering, many-branched shrub, while the giant type is a single-trunked tree that may reach 20 m 
in height. Today, specimens of the giant variety, which has large pods, can be found scattered 
throughout western Mexico, where Leucaena pods are a traditional food (taken from NAS 1984). 



Fig. 1.3: Map of Mexico and northern Central America showing the distribution of three subspecies of 
Lewcaena /ewcocep/ia/a (taken from Bray et al. 1997) 
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shading (Benjamin et al 1991). Plants responded to shading by stem elongation, stem 
weight ratio, leaf area ratio and specific leaf area (Friend et al. 1988). 

This tree has been studied for many of its attributes. Pathak et al. (1974) found 
that heavier seeds gave poorer germination due to hard coat. It needs scarification by 
sulphuric acid for 5 minutes to give more than 50 % germination (Pathak and Naugraiya 
1992, Lulandala and Luther 1981). Boiling water treatment was also found to be 
effective. Sharma et al. (1994) found that pod maturity affected the germination of 
seed. 


Leucaena is very drought tolerant even during establishment. Yotmg seedlings 
have survived extended periods of dry weather (Shelton and Brewbaker 1994) and found 
to exhibit better drought tolerance characteristics than number of other tree legumes 
(Swasdiphanich 1992). 

A lot of studies done on the effect of applied nutrients affecting growth, revealed 
that phosphorus and sulphur were the most limiting nutrients irrespective of the rhizobial 
innoculation, but in the absence of rhizobium the nitrogen and potassium were limiting 
(Relwani et al. 1986, Bandara and Gunasena 1988, Ezenwa and Cobbina 1991). de 
Lucena et al. 1991 found that Leucaena needs phosphorus for vigorous growth and 
nitrogen fixation. Micronutrients had also been found to exert different effects at 
different growth stages. Hussain et al. (1988) revealed that the mixture of potash and 
iron on addition shows maximum height and girth growth at 3 months and 12 months 
stages while at 9 months stage maximum growth has been found to be in potash + 
Vanadium mixture. 

On comparing different varieties for growth Pathak and Patil (1981) reported El 
Salvador and Silvi - 4 to be superior over K 8 or K 28 while Chaudhary and Ahmad 
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(1990) found K 8 to be superior. Wider spacing improved dbh (Relwani 1982) while 
close spacing increased forage. production (Khot et al 1991, Desai et al, 1988). Under 
irrigated conditions Leucaem showed better growth in dry areas (Relwani et al. 1982, 
Chaudhary and Ahmad 1990). 

Herbage yield was found to increase with increase in harvesting interval and 
cutting height (Pathak et al. 1980, Krishnamurthy and Mune Gowda 1983, Osman 1981 
Ezenwa 1994, Sharma 1994, etc.). Pathak et al. (1980) found that maximum for^e 
production was foimd to be in rainy season in almost all the cultivars in rainfed 
conditions in semi- arid region. 

Sethu et al. (1985) and Friend et al. (1988) observed that the Leucaena varieties 
were superior over local types in the rate of photosynthesis. Natarahan et al. (1985) 
reported highest photosynthetic rate at the flowering stage in L. leucocephala variety K 
8. While photosynthetic rate and transpiration have not been found to follow the trend 
of irradiance. It has been found that, as the temperature increases, the COj assimilation 
rate and stomatal conductance decreased which in turn influenced positively the water 
use efficiency (Prasad and Rajeswar 1989). There is no significant differences found in 
mineral nutrients and other nutrients between the species (Gupta et al. 1986, Hu et al. 
1983). 

In studies on the moist river banks at Jhansi, Pathak et al. (1985) and Pathak and 
Gupta (1987 & 1991) reported an annual above ground productivity up to 74 t/ha at 
5000 plants per ha density. Its biomass models were prepared by Khan and Pathak 
(1986, 1989) where equations based on diameter and height were evolved for best 
prediction of biomass from the plantations. While working on degraded lands Paliiak and 
Gupta (1994) found that bole had direct effect in controlling the above ground biomass 
production. Selections S 24, S 10 and S 14 were identified as superior provenances for 
timber and fuelwood production over K 8 vrith 34, 19.5 and 3 % more biomass. 
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Leucmna shows pronounced coppicing ability over other fodder trees (Pecson 
and Brewbaker 1991 and Dutt and Jamwal 1987). It has also been found that the soil 
under Leucaena plantation exhibits increased percentage of nutrients especially N, P and 
K level (Jha et al. 1991, Girdhari Lai 1988, Weeraratna 1982). 

Thus, from the foregoing it is evident that although many such studies are 
available but there have been no efforts at analyzing growth phases, production, 
energetics and the production processes along with their inter relations to suggest the 
contributing factors for optimizing the biomass yield on dry degraded lands. The present 
study attempts at characterizing the giant varieties of Leucaena for various growth and 
related parameters and their effects on biomass partitioning and energetics of the 
plantations. 

This study aimed at finding out the functional aspects of tree growth, 
productivity and energy dynamics of Leucaena leucocephala plantation on the degraded 
land for its sustainability. The objectives were to ; 

► characterize the Leucaena giants for their tree growth, canopy architecture, 
phenology and associated plant processes, viz., chlorophyll and carotene content, 
photosynthesis, transpiration and enzymatic activities like nitrate reductase 

activity etc. 

► study the dry matter production, partitioning and its energetics in different 
components at various growth stages and 

► to compute the productivity and energy flow models as affected by various 
environmental factors. 
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REVIEW OF LITERATURE 

2.1 Tree Growth 

The growth and development in plants are complex phenomenon, encompassing 
a number of diverse processes. The sum total of these processes lead to extension and 
reproductive growth phases. These processes are more complex in woody perennial 
species than in the herbaceous forms. Trees grow both in length and girth through the 
activity of meristematic tissues. Extension growth results from bud expansion and the 
stem growth usually, but not always, encompasses both, growth and expansion of the 
intemodes (Purohit 1994). 

The growth of a tree as a whole is exceedingly intermittent. However, many 
tropical trees have been reported as growing more or less continuously, yet many are 
known to display it in recurrent waves (Kozlowski 1964, Purohit and Nanda 1968). The 
overall growth of tiie shoot axis consists of several sequential phases (Kramer and 
Kozlowski 1979). The extension growth may occur in a single flush in some species, 
while it may occur in two or more flushes in the other species. These growth flushes 
may be separated by distinct rest phases. Salix tetrasperma branches exhibit a single 
growth flush (Angrish 1983). Thapliyal et al. (1986) also observed a single growth flush 
in some temperate tree species. But in the tropical conditions many tree species have 
intermittent growth which occurs in two or more growth flushes during the annual 
growth cycle (Pmohit and Nanda 1968, Kozlowski 1971, Angrish 1983). Chowdhury 
(1964) described tiie flushing pattern of Indian trees and found maximum of four flushes 
per year. The first recurrent growth flush of broad leaved plants occurs during the period 
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from February to April, second during July to September, the third and fourth, if they 
occur at all, during October and November and December to January respectively. Four 
flushes of growth per year in Callistemon viminalis were also reported by Purohit and 
Nanda (1968). 

Shoot growth is mainly of two types. One is rhythmic, in which shoot has a 
marked endogenous periodicity of extension (Halle and Martin 1968). Romberger (1963) 
used episodic growth, Koriba (1958) intermittent growth and Tomlinson and Gill (1973) 
used articulate growth for this type of growth. The second pattern of shoot growth, in 
which shoot has no marked endogenous periodicity of extension. This term is found to 
be symonymous with ever growing (Koriba 1958) and non-articulate growth (Tomlinson 
and Gill 1973). Tropical trees have been found to show continuous growth due to leaf 
flushing in all the seasons without long periodicity. 

The time of growth initiation is variable among the tree species. Temperate trees 
exhibit great variation among the date of growth initiation and growtii cessation but the 
date of growth cessation has been found to be more variable than the growth initiation 
(Kramer 1943). Zimmerman and Brown (1971) reported that these phenomenon has also 
been found to be controlled by hormonal balance within the tree. In addition to the 
genotypic factors of tree, its growth has also been affected by environmental factors. 
The maximum vegetative growth has been reported in long photoperiods. Light intensity 
and duration has been fotmd to affect the elongation of stem. 

Growth has been found to be dependent upon season, leaf number and leaf area 
(Bhatt 1990). The detailed study on the growth of woody plants in relation to water was 
made by Rutter and Whitehead (1963), Zahner (1966) and Kaiser (1987). Extension 
growth seems to be very sensitive to initial water deficit due to decrease in turgor 
components which is responsible for the depression of cell enlargement (Lawlor 1970, 
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Wardlaw 1969). Hasio et al. (1970) reported that with very small depression in leaf 
water potential the extension growth decreases. Soil moisture affects the radial growth 
to much extent (Braekke and Kozlowski 1975). 

It is observed that the growth pattern of the tree species is determined by the life 
span of the trunk axis meristem. Commonly the trunk is monopodial in nature with a 
potential of indefinite growth. Loss of apical meristem changes the growth pattern of the 
tree and leads to sympodial growth (Purohit 1994). Kramer and Kozlowski (1979) 
reported that there is a pronounced effect of age of the tree on its growth, The trees of 
the border rows have been found to show higher growth rate than that of the trees in the 
forest communities. 

The growth of roots has been reported to be continuous. The growth of root 
begins earlier than that of shoot in spring and active root growth extends several weeks 
after the shoot growth is ceased and small amount of intermittent root growth has been 
reported in the winter (Randel and Nobel 1991). Roots are the systems of unlimited 
growth from apical meristem. A single root may contain all the phases from newly bom 
meristematic cells through phases bearing active root hairs, phases in which the cortex 
has decomposed and phases in which little remains except a conducting strand (Harper 
etal 1991). 

The activity of root system is closely related to the soil moisture and its 
temperature. High temperature in the upper soil horizons during the summer months is 
also a factor limiting root growth (Fernandez and Caldwell 1975, Jorden and Nobel 
1984). Root / shoot ratio is found to be high in low water conditions and high at soil 
temperature below and above the optimal (Davidson 1969, Radin and Bazlevich 1967). 
At low temperature the photosynthates are diverted to roots resulting in high root / shoot 
ratio in many plants (Beever and Cooper 1964). Singh et al. (1982) studied the dry 
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matter production and growth performance in only one year old seedlings of Diospyros 
montana and Buchnania latifolia. The dry matter production in plant parts as well as 
the whole seedlings increases with the ^e and attains a peak value followed by a 
reduction due to litter fall and other losses. The periodic changes in productivity of the 
plant indicates that highest value is obtained at the age of one month and lowest at 12 
months age in both the species the maximum elongation of root and stem, is measured 
in rainy season and minimum in the summer season. 

2.2 Phenology 


Phenology is an important function of forest ecosystem that relates the growth 
habit of the species with the physical environment. Lieth (1970) defined phenology as 
the sequence of calendar of events in the life history of plants. In more simpler way, it 
is the study of growth of buds, leaf fall and leafing out, anthesis, fruiting and seed 
dispersal in relation to months, seasons or years. 

Phenological patterns have been found to differ with species, genetic variability 
within a species, plant age, site conditions such as soil type and incidence of fire, 
climatic factors such as rainfall, its distribution, air humidity and temperature; and biotic 
factors such as pollution, browsing and insect attacks (Breman and Kessler 1995). In 
semi-arid regions climatic factors and site conditions seem most important. The less 
these factors vary; the more predictable are phenological patterns. 

Phenological patterns of different vegetation types are available such as for 
tundra (Sorensen 1941, Mooney and Billing 1961), Rocky Mountains (Holway 1965) 
and rock valley in the northern Mojave Desert (Shreve 1942) in North America. Lieth 
(1970-71) studied the phenological events in relation to productivity and ecosystem 
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function. A lot of study has been done mainly on tropical tree species (Koelmeyer 
1959, Lieth and Radford 1971, Medway 1972, Daubenmire 1972, Frankie et al. 1974, 
Croat 1975, Putz 1979 etc.). In India such type of studies have been done from time 
to time on different regions. Boojh and Ramakrishnan (1981) and Shukla and 
Ramakrishnan (1982) studied the phenology of some forests in north eastern India. 
Ralhan et al. (1985 a,b) have given phenological characters of some trees and shrubs of 
Kumaun Himalaya. Sundriyal et. al. (1987) studied the phenology of alpine plants. 
Bisht et al. (1986) studied the phenological pattern of evergreen vs. deciduous trees of 
central Himalaya. 

Woody species are generally classified into two phenological categories, 
evergreen and deciduous, a classification reflecting different dry season survival 
strategies (Breman and Kessler 1995). Whitmore (1984) defined four types of leafing 
periodicity in the Asian tropics: evergrowing, manifold, intermittent and deciduous other 
terminologies used by Kikuzawa (1983) are succeeding type, intermediate type and 
flush type. Evergreen species have green leaves throughout the year. New leaves replace 
old ones before older leaves are shed. Semi evergreen species are almost without green 
leaves for two months at the most. Deciduous species shed all leaves and have none for 
at least two months. Although deciduous species grow more rapidly under optimum 
conditions, evergreen species are more resistant to stress and better adapted to low soil 
fertility (Stuart Chapin 1980, Menaut 1983). 

Based on leaf production patterns, trees are classified into four classes (Koriba 
1958) i.e. evergrowing trees which produce leaves continuously, trees which produce 
leaves intermittently; trees which exhibit different growth rhythms in different parts; and 
lastly the deciduous trees. In some species leaves are formed only in one flush e.g. 
Quercus, Aesculus and Litsea. In these taxa the shoots are fully performed in winter bud 
and the extension growth is limited to the expansion of the predetermined components 
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of the bud in summer. In other species the shoots are not fully performed in winter 
bud, therefore, leaves are produced in succession. In temperate and tropical tree species 
the rhythmic growth is mainly demonstrated by the leaf-flushing or bud burst (Kramer 
1943). 

While studying the phenology of some temperate woody species Sundriyal 
(1990) reported that during December - February many species shed their leaves. Buds 
have been found to remain dormant throughout winters, generally up to February. As 
the temperature rises the dormancy breaks , flushing and leaf production occurs up to 
May - June and its cessation was found from July to September. For most of the species, 
flower bud formation is simultaneous to the leaf bud formation. 

On comparing the phenology of die evergreen and deciduous trees of central 
Himalaya, Bhist et al . (1986) reported that the buds were dormant through out the 
winter and bud burst started during February. Leaf flushing was rapid till June. 
Flowering and fruit formation of deciduous species was found in March but in evergreen 
species it was in April. It was also found to be same in fruit maturation and seed 
dispersal. Deciduous species are found to bear mature fruits a month ahead than their 
evergreen counterparts. 

Leaf sprouting and shedding is more regular and predictable feature. Flushing 
and leaf production towards the end of dry season and before rains is well reported in 
literature (Boaler 1966, Frankie et al. 1974, Shukla and Ramakrishnan 1982). This can 
be attributed to the triggering effect of the rising temperature (Walter 1968). Increase 
in day length can induce flushing (Njoku 1964). Sundriyal (1990) found that some 
species exhibit winter dry season leaf fall and dry season flushing. It can be correlated 
to small seasonality in temperature and large seasonality in moisture regime (Jackson 
1978). Walker (1980) predicted that initial flush of leaves and twigs is mainly due to 
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reallocation of stored material from the previous season. Ne’eman (1993) compared 
four populations of tree species for leaf flushing and found different phenological 
patterns and he attributed that it is due to genotypic origin. 

Plants belonging to the same population do not always have the same 
phenological flowering pattern because of the habitat and the microclimate, thus, 
creating complex gene - environment interactions (Jose 1993). Variations among 
individuals in flowering dates determines the degree of flowering synchrony of a plant 
species (Bawa 1983). The phenological pattern of flowering of any plant species can 
be characterised by its time of occurrence, duration and synchrony (Rathcke and Lacey 
1985). Maximum flowering before rainy season can be ascribed to climatic conditions. 
Similar reports are available for some rain forests (Richards 1952, Medway 1972) but 
such seasonality was not recorded in Malayasian and Columbian forests (Putz 1979, 
Hilty 1980). It is reported that moisture, temperature and photoperiod are responsible 
for flowering (Seghieri 1990, Njoku 1963 and Opler et al 1976 ). One degree 
variation in latitude from south to north may delay flowering upto 4 weeks (Randhawa 
1956). 

Fruiting is less predictable; it requires specific combination of rainfall, 
temperature and photoperiod which are rare for some species in semi-arid zones (Davies 
1976). Maximum food production coincides vrith rainy season (Sundriyal 1990). Fruit 
development is determined by the precipitation pattern (Frankie et al. 1974). Deciduous 
species showed earlier seed maturation and dispersal than evergreen species. This 
behaviour of certain species can be considered as an escape from seed predation on time 
basis ( Ashton 1969, Medway 1972, Janzen 1978 and Boojh and Ramakrishnan 1981), 
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2.3 Leaf Production 


In temperate trees the flushing of leaves is associated with increase in 
temperature. However, controlled environmental studies have shown that bud-break in 
some tropical trees is closely influenced by the day length (Nanda and Purohit 1966, 
Longman 1966). Rainfall can act as a triggering agent for flushing (Njoku 1964), 
because in evergrowing forests, flushing frequently occures in dry season before raining 
(Longman and Jenik 1974). 

Leaf habit is a concept of population of leaves on a tree at a time. It is well 
known that different leaf habit patterns are observed in the same climatic region. 
Therefore leaf habit is not governed solely by the climatic conditions but is the outcome 
of evolution . It is observed that the evergreen broad leaf trees are usually found on 
ridges and higher slopes while deciduous trees occupy valleys, with relatively higher 
moisture. The advantages of the evergreen habit is that it obviates the necessity of 
spending food resources on a wholly new photosynthetic apparatus every year. 
However, evergreen species have mostly lower photosynthetic rates than the deciduous 
species. It is attributed to the longer functional life of individual leaves in evergreen 
species (Purohit 1994). The older leaves may also act as winter food storage organs, 
since lipids and proteins are mobilised and translocated from old to new leaves during 
the growing season (Hadley and Bliss 1964). As leaves are bom only slowly in the 
winter, but those that are produced live long. Leaves are produced more rapidly in the 
summer but have a short time to live (Harper 1989). The dimension of the mature leaf 
lamina has also been found to be affected by increased light intensity and temperature 
(Kozlowski and Clausen 1966). Leaf thickness is found to be increased with increasing 
light intensity. As the temperature increases the fresh and dry weight also increases. 
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Growth rate has been found to be closely related with shoot elongation and is 
often quite rapid during the middle part of the growing season (Longman and Jenik 
1974). The monopodial tree species show rhythmic growth pattern, usually have fast 
leaf turn over rate and are either evergreen or semi deciduous. Those with only one 
growth flush per year and monopodial are also evergreen or semi-deciduous. However, 
determinate tree species are invariably deciduous. It seems that leaf longevity is closely 
correlated to the rate of growth. Negative correlation has also been found between shoot 
extension growth and leaf retention time (Kohyama 1980). 

The growth of leaf may be divided into two stages, each affected differently by 
environment. In the first stage, when initiation and emergence of the lamina depends 
on the growth of the plant as a whole, an increase in light intensity or temperature 
leading to increased plant growth gave similar increases in the growth of developing 
leaves. The second stage occurs when the lamina grows out of the protecting sheaths 
of earlier leaves, becomes directly exposed to the light environment, and begins 
photosynthesis. The morphogenetic effects of light intensity, temperature and 
photoperiod during this period are not necessarily the same as a whole. 

The dimension of the mature leaf lamina has also been found to be affected by 
increased light intensity and temperature (Kozlowski and Clausen 1966). Leaf thickness 
is found to be increased with increasing light intensity. As the temperature increases the 
fresh and dry weight also increase. Pokhrial et al. (1989) have reported in Populus 
deltoides that maximum number of leaves per plant were observed in the month of 
April and minimum in July, whereas maximum number of leaves were shed in the 
month of November. 

Flushing and leaf production towards the end of the dry season and before rains 
is well reported in literature (Boaler 1966, Frankie et al. 1974, Shukla and 
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Ramakrishnan 1982). This can be attributed to the triggering effect of the rising 
temperature (Walter 1968). Increase in day length can induce flushing (Njoku 1964). 
Joshi etal. (1990) reported the turnover values of the leaves during different seasons in 
different regions indicated that the rates of replacement of above ground parts were 
always minimum in summer and maximum in winter. 

Lodhiyal et ah (1992) have reported that the contribution of leaves to above- 
ground biomass was 7.6-11.5%, which exceeds the higher side of the range, 2.6-9.3%, 
reported for certain temperate and tropical forests of World (Harada et al. 1972; 
Johnson and Risser 1974; Whittaker 1975; Singh 1979; Negi et al. 1983; Rawat 1983; 
Rana et al. 1989) and 3.0-10.0% reported for Populus deltoides (Raizada and Siivastava 
1989). 


The variation in leaf production and leaf expansion rates at comparable age, were 
more season dependent. Variation in specific leaf weight (SLW) was dependent more 
on growing season than on the age of the plants (Ledig et al. 1974), however the effect 
of age was more prominent on leaf weight ratio (LWR) than on leaf area ratio (LAR). 
The SLW is higher at lower temperature (Peet et al. 1977), and lower at higher 
temperature (Raper et al. 1971). 

2.4 Tree Canopy Structure 


Plant canopy structure is the spatial arrangement of the above ground organs of 
the plants in a plant community (Campbell and Norman 1989). In semiarid regions, 
woody plant canopy cover is considered a useful indicator of the distribution of woody 
plants and their influence on the plant production factors and interactions between 
woody plants and herbs (Breman and Kessler 1995). 
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According to Kramer and Kozlowski (1960), a tree is a complex biochemical 
factory which starts from a seed and literally builds itself. The two main parts of tree 
are crown and trunk. Theoretical model for tree structure has been proposed by 
Shinozaki et al. (1964 a, b) who interpreted plants as being constructed of vertical and 
horizontal fascicular pipes with each pipe responsible for linking a perticular piece of 
root system to a portion of the leaf canopy. Also there are those who counted the plant 
form as an almost passive response to evolutionary pressure exerted by herbivory, 
predation and disease (Harper 1984). Bell (1984) revealed that plant form is the result 
of birth, aging and death of plant meristems. For a plant containing both vegetative and 
flowering meristems, over discrete periods of time a vegetative meristem can remain as 
such or can grow to produce copies of itself (Porter 1983 a. Van Groendael 1985). 

Besides its functional features canopy shape has a taxonomic role in 
distinguishing one species from the other (Porter 1989). According to Mitchell (1974) 
on the basis of floral morphology and leaf shape one community of trees can easily be 
identified. Differences in whole plant form are caused by the leaf and other plant parts 
being held in certain positions by branches of various lengths and at different angles. On 
that basis Halle et al (1978) categorized tropical trees into 23 architectural types or 
models. These characters are in pairs as shoots being monopodial or sympodial, 
orthotropic or plagiotropic, pleonanthic or hapaxanthic, basitonically or acrotonically 
branching, whether growth is rhythmic or continuous, construction is modular or non- 
modular, branches axillary or dichotomous, branches short lived or long lived, axis being 
homogenous or heterogenous. Several models have been given by many workers as by 
Mcclure (1966) and Troll’s model (Troll 1937). The lower most branch is the most 
significant feature of the tree. It has been foimd that lower most branch sheds 
progressively, so the crown gets gradually displaced vertically (Oldeman 1974). 
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Ross (1981) recommended that for the complete and accurate description of 
canopy, its specification of the position, size and orientation of each of the elements on 
the surface was necessary. Description of plant canopies at individual level is very 
important. It should include, parameters of typical length, width, area, specific dry mass, 
specific water content etc. In addition to this, it is useful to record stem diameter at one 
or two locations, total number of leaves per plant, number of nodules per plant and the 
spatial distribution of organs within the plant outline. 

The leaf orientation significantly affects the canopy structure. De wit (1960) 
divided plant canopies into several types based on distribution of leaf angles within the 
stem. The extreme forms are the planophile canopy in which horizontal leaves are more 
frequent and the erectophile canopy in which vertical leaves predominate. Erectophile 
canopy has been formd to be more productive than the planophile (Monsi et al. 1973). 

The crown structure in tropical trees appears uniquely adapted to the peculiar 
radiation environment (Dohrenwend 1969) and bear relationship to the moisture regime 
of the ecosystem. Growth rate is often found to be proportional to the amount of the 
radiation intercepted by the canopy (Russel et al. 1989). Temperature is also found to 
affect the tree development (Squire et al. 1984, Mohamed et al. 1988). Shortage of 
water has been shown to reduce photosynthetic rate. This results in stomata! closure 
and premature senescence of the leaves (Legg et al. 1979, Hughes et al. 1987). 

Deficiency of nutrients also affects the development and structure of the canopy. 
Nitrogen deficiency may cause stomata! closure at higher water potentials (Radin and 
Ackerson 1981) or a reduction in water uptake by increased root resistance (Radin and 
Boyre 1982) and a consequent reduction in transpiration (Shimshi 1970 a, b; Shimasi 
and Kafkafi 1978) which will alter the energy balance of the canopy and hence its 
temperature. 
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Despite the detailed work on canopy structure, a little work has l^n done on 
Indian tree stands specially in the degraded lands. The aim of this study is to know the 
increase or decrease in canopy cover in different seasons and the ratio of the leaf to stem 
in different months. 

2.5 Growth and Photosynthesis 


The rate of photosynthetic COj uptake is an important component of growth 
(Ledig and Botkin 1974). Analysis of seasonal pattern of COj exchange of different 
plant parts may also be useful in constructing physiological models to explain tree 
growth (Ledig 1969). Because of the potential utility of growth components in breeding, 
it is desirable to quantify genotypic and environmental variation in photosynthesis. 

Carbon balance model has been used to describe plant growth in relation to light 
and COj levels (Monteith 1965) and experiments rmder controlled environmental 
conditions have established a relationship between light and COj exchange (Me Cree and 
Troughton 1966 a & b). Ledig et al (1976) concluded gas exchange studies 
simultaneously with dry weight harvests to study episodic growth in Pitch Pine seedlings 
and reported that spurts of growth could be forecasted by high respiration rates, which 
probably are required for synthesis of high energy compounds prior to cell elongation 
and cell formation. 

Some investigators have found either a weak correlation or none at all between 
the measurements of photosynthesis and growth. The best correlation was reported by 
Huber and Polster (1955) for some of the clones of Poplar (Populus L.) which vary in 
their growth. Frequently there is negative correlation between seedling size and unit 
photosynthesis (Ledig and Perry 1967). Ledig et al. (1976) proposed that dry matter 
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production should be related to the total COj fixed during longer period so that the 
necessary stable conditions exists. Greater size i.e. more leaves and greater depths of the 
seedling crown results in self shading or a reduction in the average light intensity 
reaching the other leaves (Kramer and Clark 1947). This implies that seedlings with 
high photosyndietic rate and thus potentially fast growing, experience self shading 
sooner than the seedlings with low photosynthetic rates, as a result, their relative growth 
rate declines rapidly. 

2.6 Photosynthesis 

Photosynthesis can be assigned as a possible annual renewable resource for 
material and energy. Photosynthetic process exhibits enough plasticity so that they could 
get adjusted easily to changing environmental conditions in any habitat during seasonal 
growth. (Mooney et al. 1964 Mooney and West 1964). The potential to grow over a 
gradient of habitats may also be affected by photosynthetic plasticity. About 85-90% 
of the dry matter production of plants is carbonaceous matter derived from 
photosynthesis i.e. the light dependent reduction of CO 2 , Carbon balance mode has been 
used to describe plant growth in relation to light and CO 2 level (Monteith 1965, De Wit 
1965). 

Photosynthetic process is followed by series of complex reactions. The product 
of photosyntheis are consumed through respiration. Rates of these processes are 
influenced by light, temperature, moisture, food supplies etc. and these conditions are 
largely determined by the season (Gopal 1972). 

The general activity of photosynthesis declines at the end of the season due to 
decrease in light intensity, photoperiod, temperature, leaf area and aging of leaves. The 
net assimilation rate of first year loblolly pine seedling has been fotmd to decline with 
age (Ledig and Parry 1967). Primary leaves exhibits higher rates of GO 2 uptake than 
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secondary leaves, which declines with age (Bourdeau and Morgen 1959, Wright 1970). 
During winter season photosynthesis is found to decline, which gradually increases in 
early spring. The physiological depression has been considered a type of true dormancy 
(Tranquillini, 1957 Bamberg et al. 1967). In contrast to this, Mooney et al. 1966) 
showed that plants of Pirns aristata have stable CO 2 gas exchange throughout the total 
growing season. Nunes et al. (1992) reported that rates of photosynthesis and leaf 
conductance of the leaves of carob tree {Ceratonia siliqua L.) growing in natural 
conditions were measured during the course of the seasons to define the effects of the 
main climatic factors limiting growth in the season. Temperature during the winter and 
water in the summer were observed to be highly limiting factors. Vandana and Bhatt 
(1996) reported that the photosjmthetic rate (Pn) in Sesbania sesban and S. grandiflora 
was maximum in rainy season, which declined in autumn and reached the minimum in 
summer months. 

The influence of day length on photosynthetic capacity of stone pine was studied 
by Bamberg et al. (1967). Rates of photosynthesis increased as radient energy increases 
but becomes depressed in most species at high radient energy with high temperature. 
Net photosynthesis per unit area has been observed to increase from low to medium 
light intensity and then decreased at the highest intensity (Chabot and Chabot 1977). 
Photosynthetic rates under different light intensities strongly depended on leaf to air 
temperature differences (Purohit 1994). High land tree species seem to make more 
efficient use of high light intensity as compared to the lowland species (Mooney and 
Billings, 1961, Hiesey ef fl/. 1971). 

A linear relationship exists between net photosynthesis and total conductivity for 
CO 2 between out side air and the intercellular spaces (Louwerse and Zweeride 1977). 
The values of light saturating intensity incresed with increasing GO 2 concentration 
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(Wilson and Cooper 1969). At high COj concentration, plants grown in strong light 
have higher rates of photosynthesis than those grow in a weak light (Wilson and Cooper 
1969). 


The under temperature tree species were found to have relatively higher rate of 
photosyntheis than that of over temperature species (Purohit and Dhyani 1988, Slatyer 
1977, Bjorkman et al. 1974) . Seasonally, temperature change has limiting effects on 
photosynthesis and respiration of shoot and root (Drew and Ledig 1981). The seasonal 
fluctuation in net photosynthesis is strongly correlated with progressive shifts in 
temperature response or acclimation (Strain et al. 1976). The alpine and sub-alpine 
plants show maximum photosynthesis at lower temperatures (Mooney et al. 1964). It 
is well known that radiation flux density has an effect on the position of the temperature 
optimum (Scott and Menalda 1972). 

The photosynthetic system of a plant is quite well adapted to the temperature- 
regime of their habitat (Pisek et al. 1969). The desert plant also showed a high 
photosynthetic capacity even at high leaf temperature (Schulze et al. 1972 b; Bjorkman 
et al. 1972). Photosynthetic adaption and acclimation to low and high temperature may 
be regarded as two apparently separate phenomena. The superior performance at low 
temperature of cold adapted plants is attributable to an increased photosynthetic 
capacity. Photosynthesis is one of the most heat sensitive aspect of growth. Excessively 
high temperature causes an irreversible inactivation of photosynthesis. 

Mooney ef a/. (1964) compared die photosynthesis of various plants at 300 and 
200 ul T* COj, He observed that photosynthesis at 200 ul 1'^ was on an average 40% 
less than in 300 ul 1"’ COj. At normal COj concentration (0.03%) photosynthesis is 
almost independent of leaf temperature, while at higher concentration the rate is strongly 
influenced by temperature so that light saturation was not reached at the highest 
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temperature (Gaastra 1959). 

The photosynthesis of higher plants is strongly inhibited by the oxygen 
concentration of normal air (Bjorkman 1966, Tregunna et al. 1966). It is also observe 
that the rate of COj uptake of many plants is enhanced when the oxygen concentration 
surroxmding the leaf is reduced from 21% to a lower level. The compensation point for 
photosynthesis has a relatively high value in some plants in 21% Oj. However, in some 
plant species the COj compensation point is close to zero even in 21% O 2 (Bjorkman 
et al. 1968). Several workers have shown that the exhibition effect of O 2 on light 
saturated photosynthesis decreases when the ambient COj concentration is increased and 
even disappear entirely at sufficiently high CO 2 concentration (Fock et al. 1969, Jolliffe 
and Tregunna 1968). 

When the leaves have low water potentials the rate of photosynthesis declines. 
The loss of photosynthetic ability is generally attributed to the closure of stomata of the 
leaves (Hasio 1973). The closure of stomata hinders the diffusion of COj into the 
chloroplast and brings about a loss in the photosynthetic ability (Brix 1962). 

The photosynthetic rates are also influenced by soil moisture. In seedlings of 
timberline species, Larix decidua, Picea abies and Pinus cemhra started a gradual 
decline in photosynthesis as soon as soil water potential decreased to between - 0.4 bar 
(pipe) and -3.5 bar (Larch) (Havranek and Beneck 1978, Han and Kakubari 1996). High 
wind speed in the range of 0 - 20 ms‘‘ declines the rate of photosynthesis (Tranquillini 
1969). Szarek and Woodhouse (1976) reported that the photosynthetic rate is mainly 
affected by leaf water potential. 

There are many reports suggesting that photosynthetic rates depressed due to the 
reduced chlorophyll concentration (Heath 1969, Sestak et al. 1971). But in many natural 
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communities the normal chlorophyll content of leaves is adequate to absorb the available 
photosynthetic flux (Anderson 1967) and chlorophyll contents are likely to adjust to the 
flux available (Rabinowitch 1951). Photosynthetic rate per unit leaf area changes with 
leaf age and with ontogeny (Sestak 1981). 

2.7 Stomatal Conductance 


The leaf conductance can be partitioned into components of the cuticular and 
the stomatal pathway, i.e., boundary layer, cuticle stomatal anti-chamber, stomatal 
pore, sub stomatal cavity etc. (Milthrope 1961, Jarvis 1971). Gaastra(1959) pointed out 
that CO 2 uptake depends upon both stomatal conductance and a number of biochemical 
and biophysical variables. The boundary layer conductance of leaves depends on the si 2 e 
of the leaf and wind speed (Grace et al 1980). The stomatal conductance has been 
found to decrease with increasing altitude. Bhatt et al (1994) have reported that as the 
PAR and atmospheric temperature decreases, the stomatal conductance also decreases 
and they observed the lowest stomatal conductance at 1600 hours. Boundary conductance 
was found to be maximum around evening hours and minimum around morning hours 
(Grace et al. 1980). 

The boundary layer conductance of forest canopies is typically in the range of 
100-300 mm s"' because of the height of the trees and much rough surface (Rutter 1968) 
and because of the higher wind speed, which is usually more than 0.5 m s'^ at the top 
of the canopy. Jarvis et al. (1976) have reported that the maximum canopy conductance 
of Sitka and Norway Spruce forest canopies is about 20 mm s’^ and for Scot pine, lodge 
pole pine and Douglas fir, some what less than 10 mm s"'. The largest value of canopy 
conductance is probably about 50 mm s‘* in some field crops. Stomatal conductance 
is found to increase linearly with light intensity (Downes 1970) and decrease with 
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increasing temperature (Heath and Orchard 1957, Lange et al. 1969). Ambient humidity 
has been found to affect indirectly on the stomatal conductance through its effect on 
transpiration and leaf water status (Taylor 1974). Decreasing PAR and AT adven^ly 
affects the relative humidity, stomatal conductance and therefore, water vapour exchange 
decreased (Bhatt et al. 1994). Leaf temperature is also found to play important role by 
determining the out going reradiation flux and indirectly, through its effect on saturation 
vapour pressure (Gates 1980). 

The study of stomatal conductance in controlled environment can be done best 
because in natural environment it is influenced by various factors as interactions between 
the responses, variability of the natural environment, time response in species with 
amphistomatous leaves and endogenous rhythms. The conductance of a leaf varies with 
age, position on the plant and the position in the canopy, as well as upon the season, the 
time of the day and recent and the current weather. The conductance of the canopy is 
the sum total of the conductance of all the individual leaves in the canopy. 

2.8 Carboxylation EfiRciency 


The ratio of net photosynthesis (PN) and internal COj concentration (CINT) 
represents carboxylation efficiency (Farquhar and Sharkey 1984). It is a measurement 
of availability of primary substrate for photosynthesis and a necessary parameter in 
partitioning between biochemical and diffusion factors in photosynthesis (Field et al 
1989). 

PN/CINT ratio is found to depend upon the available PAR, it decreases as the 
PAR decreases (Bhatt et al. 1994). High light synthesis during growth resulted in the 
increase of carboxylation activity (Bowes et al. 1972). Its higher level was recorded in 
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rainy season which gradually decreased in winter and reached minimum in summer 
months (Farquhar and Sharkey 1984). Mature leaves have higher PN / INC02 
concentration throughout the day than young and old leaves (SifFel et al. 1993). It is 
found to increase with decreasing water supply (Briggs et al 1986, Palta 1983, Jonson 
et al 1987). As the net photosynthetic rate increases, the carboxylation efficiency also 
increases (Dejong et al 1984). This is strongly correlated to stomatal conductance 
which ultimately influences the COj assimilation and economy coefficient. Nitrogen 
fertilization is also found to increase the carboxylation efficiency (Mebrahtu and 
Hanover 1991). 

2.9 Transpiration 

Transpiration plays important role in maintaining plant water relations because 
it produces the energy gradient which causes the movement of water into and through 
plants. Environmental factors such as, temperature, light intensity, wind velocity, relative 
humidity, soil moisture and resistance to water movement, leaf area and leaf structure 
have been found to exert pronounced effect on the process of transpiration (Jung and 
Larson 1972, Halle and Bjorkman 1975) and in turn in whole physiology of plants. The 
adaptation and ability to survival of plants within a given environment depends upon the 
extent of their interaction with the surroundings through the phenomenon such as 
transpiration, light absorption and energy exchange. The water vapour exchange rate 
affects the energy budget and temperature of leaf and consequently this not only has a 
bearing on the physiology of the whole plant (Gates 1975) but also influence the 
surroundings (Ludlow 1987). 

Leaf temperature directly determines the out going radiation flux and in turn 
water vapour exchange rate (Halle and Bjorkman 1975, Gates 1980). For leaves with an 
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adequate water supply, transpiration depends upon the sum of the diffusion resistances 
in the external air and the stomata (Gaastra 1959). 

PAR adversely affects the relative humidity, stomatal and diffusion resistances 
and therefore, transfer of water vapour is increased (Nobel 1977). The rate of 
transpiration and water content of leaves have an inverse relationship with each other 
and mainly governed by the relative humidity and temperature. The extent of 
temperature variation in leaves is species dependent (Yarwood 1961, Lange 1975). 
Transpiration increased with increase in air temperature and PAR in summer and 
decreased in winter as reported by Haseba et al (1967) in Cetrus, Bhatt (1990) in 
Prunus, Celtis and Grewia and Vandana and Bhatt (1996) in Sesbania. Loss of water 
vapour exerts pronounced effect on the plant growth and productivity (Grace et al. 
1981). The extent of the rate of water loss in subtropical timberline broad leaved 
evergreen and deciduous trees revealed that the rate of transpiration were higher in 
deciduous as compared to evergreen trees (Dhyani et al. 1988, Purohit 1994). 
Transpiration is directly proportional to the leaf area and the water vapour gradient 
between the air and the leaf surfaces. It is inversely proportional to the canopy 
resistance, encompassing stomatal, cuticular and bormdary layer resistance. 

It has also been found that as the COj concentration of environment increases, 
mesophyll resistance decreases but the stomatal resistance increases which results in a 
significant reduction in transpiration (Ku gt £z/. 1977). 

Increasing temperature may result in further opening of stomata (Schulz et al. 
1972). This causes increase in the rate of transpiration. On the other side, low 
temperature causes freezing of the guard cells resulting in the stomatal closure and in 
turn the stopage of the process of transpiration (Drew and Fritts 1972). Indirectly, low 
root temperatures may affect stomata by inhibiting water uptake, resulting in water 
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deficit within the leaves and depression in transpiration (Bababola et al 1968, Havranek 
1972). 


Some selected species of semiarid regions were evaluated on the basis of physical 
and physiological parameters like transpiration rate, resistance for water vapour transfer, 
exchange less water vapour as compared and energy exchange (Bhatt and Misra 1989). 
The trees with high diffusion and stomatal resistance for water vapour transfer, exchange 
less water vapour as compared to those trees having a low resistance. The leaf energy 
balance sheet of these trees indicated that most of the energy that was absorbed was lost 
by re-radiation and this resulted in a negative lower flow of the convectionai energy, 
thereby indicating that most of the trees would be able to survive in an environment at 
a high thermal load. 

Dhyani et al. (1986) revealed that there are two classes in evergreen as well as 
deciduous trees. Those where the leaf temperatures remains lower than the air 
temperature during most of the time of the day are under temperature and where the leaf 
temperatures are higher than the air temperature are over temperature species. The imder 
temperature evergreen species have been found to have relatively higher rate of 
transpiration than their over temperature counterparts. This trend was just opposite to the 
deciduous species (Purohit 1994). 

2.10 Water Use Efficient^ 


Production potential of any grassland community or forest land are directly 
related to water use efficiency of dominant species and are important fimctional 
properties of the ecosystem (Rao et al. 1984). The water requirement of any plant 
depends upon the stage of growth and it gives them ability to utilize water efficiently 
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and avoid the damaging effects of water stress. 

The water potential is an important property in plant water relations. Water loss 
affects the energy budget of the leaves and decrease leaf temperature and thus may 
prevent leaf tissues from over heating (Gates 1976). Woody perennials of arid 
conditions bear leaves only when the water supply is adequate for transpiration and at 
the onset of prolonged drought. The leaves of some arid zone species have a number of 
characteristics that are adaptive to hot dry environment. Steeply angled leaves reduce 
mid day solar interception. During the hot periods of the year, the leaves substantially 
reduce their absorbance of incident radiation by changing their moisture. At these times 
the light intensity required for saturation of photosynthesis is low and reduction in the 
radiation absorbed by the leaves therefore, results in a greater water use efficiency 
(Mooney et al. 1977). Water loss is reduced dramatically by leaf abscission. The leaf 
water relations also influences the stomatal behaviour and rate of transpiration and 
photosynthesis in some plants (Yemm and Willis 1954, Willis et al. 1963). It is to be 
assumed that the reduction in plant water content reduces the net photosynthesis (Slatyer 
1967). Water use efficiency is the amount of carbon fixed per unit of water used. PN 
/ TR ratio which indicates the water use efficiency ( means the number of molecules of 
CO 2 fixed per molecule of water transpired ) also depends upon the season (Bhatt 1989). 

Singh and Joshi (1979) worked out the relationship between annual rainfall and 
water use efficiency for some tropical grasslands and forests and reported that the water 
use efficiency declined simultaneously with increasing rainfall. During vegetative phase 
plants are found to show higher water use efficiency which gets reduced considerably 
with maturity (Rao et al. 1984). It has been found that as the temperature increases the 
water use efficiency decreases due to decrease in CO 2 assimilation rate and stomatal 
conductance (Prasad and Rajeswar 1989). Vandana and Bhatt (1996) reported minimum 
water use efficiency in S. sesban and S. grandiflora during the summer months. 
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The water use efficiency has been found to be different in different arid 
conditions in C3, C4 and CAM plants (Neals et al. 1968). CAM plants with improved 
water use efficiency or their ability to improve water balance can be more productive 
and of better competitors than the less efficient plants. The water use efficiency of under 
temperature evergreen trees was found to be higher than that of over temperature ever 
green tree species (Purohit 1994). 

2.11 Chlorophyll and Carotenoid Content 

Quantitative estimation of the chlorophyll content is one of the important 
parameters of structural aspects of the ecosystem and may be considered as an index of 
primary productivity in the ecosystem (Ovington and Lawrence 1967, Redmann 1975). 
Chlorophyll deserved special attention because it is the light absorbing pigment in the 
photosynthetic process. Carotenoides function as accessory pigments in photosynthesis 
and may also protect chlorophyll from irreversible photooxidation (Naidu and Swamy 
1996). Since it is actual place of photosynthetic activity, it is important to calculate the 
pigment of standing crop in any plant community. The total chlorophyll in the whole 
plant community is more uniform than individual plants or plant parts (Gessner 1949, 
Bray 1960). A number of studies have reported on the total chlorophyll and production 
of plant communities in different climatic regions of the world (Bray 1960, Bougham 
1960, Golley 1965, Tieszen and Johnson 1968, Billore and Mall 1976, Misra and Misra 
1981 etc.). 

Total chlorophyll and carotenoid content were more in the shade grown plants. 
On the other hand the chi a / chi b is found to be lower in die shade grown plants as 
compared to the sun plants (Naidu and Swamy 1993). Shade plants show higher relative 
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content of chi b than chi a (Egle 1960, Goodchild et al. 1972). The decrease in ehl a / 
b ratio was usually accompanied by an increase in chi b and specific leaf weight (SLW) 
which shows the shade adaptive features of plants as reported by Bhatt and Sinha 
(1990). 

Evans (1993) worked out that photosynthetic capacity and chlorophyll content 
of leaf which declined exponentially down through the canopy. As the sprouting starts 
ail the plants exhibit higher chlorophyll a and b content. Naidu and Swamy (1996) while 
estimating the leaf chlorophyll and carotenoid contents at monthly intervals in deciduous 
tree species revealed that all the species have minimum carotenoid content during winter 
and maximum chlorophyll content during summer. Carotenoid and chlorophyll content 
showed seasonal variations. Higher a/b ratios were reported for most of the temperate 
communities (Bray 1960, Bliss 1966). It can also be said as higher the light intensity 
greater the a/b ratio. Low ratios are the characteristics of the plants from low light 
intensities. A positive relation has been found between the chlorophyll content and both 
height and dry matter content (Mall et al. 1973). In other words the height and dry 
weight both are the functions of chlorophyll. Total chlorophyll content can be considered 
as one of the physiological criteria when selecting the species or varieties for higher 
productivity (Paliwal and Muthuchelian 1988). 

2.12 Nitrate Reductase Activity (NRA) 

Nitrate Reductase is one of the most important regulatory enzyme associated 
with the process of nitrate assimilation and plant growth. Considerable work has been 
done on cereals and lugumes to emphasize the role of nitrate reductase in yield (Johnson 
et al. 1976, Migued 1981, Singh et al. 1994). Its activity is well correlated with protein 
content and organic nitrogen of nitrate supplied tissues (Srivastava 1980, Beevers and 
Hageman 1969). 
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Nitrate reductase activity occurs in the roots and aerial parts of most plants. The 
distribution of this activity is mainly correlated with the availability of nitrate in each 
organ, a finding which explains the inducible characters generally attributed to nitrate 
reductase (Beevers and Hageman 1980). The variation in this activity is attributed to 
the plant species, their developmental stage and environmental factors (Pate 1980). Most 
of the work has been done on leaves because of their ability to actively reduce nitrate 
and their suitability for experimentation. A few studies have been done on stem nitrate 
reductase activity (Atkins et al 1979, Andrews et al. 1984, Hunter 1985, etc.). 

Pizelle and Thiery (1986) reported that the nitrate reductase activity has been 
found to decrease in order of leaves > branch >inner branch tissue > trunk xylem. 
Nitrate reductase activity have been found to increase with leaf age but start decreasing 
when the leaves are fully matured (Muthuchelian et al. 1986). As the leaf number 
increases the nitrate reductase activity has been found to decrease (Abrol et al 1976). 

Jones and Whittington (1982) found that the nitrate reductase activity is affected 
by season and in seedling stage this activity is highest and upper leaves have high 
nitrate reductase activity than lower ones. At full bloom stage NRA is found to be 
highest (Harper et al. 1972). Plants with a fruit load showed more pronounced diurnal 
variation in NRA than plants without fruit. Low light intensities and extended dark 
periods causes diurnal change in nitrate reductase activity (Claussen 1986). Roots and 
leaves with higher carbohydrate content showed high NR activity and higher rate of 
nitrate reduction than carbohydrate deficient organs (Carpts Brandner et al. 1983, Aslam 
and Huffaker 1984) in water stressed conditions. 


Water stress and high temperature conditions also inhibit nitrate reductase 
activity, although the magnitude of inactivation varies with the species (Hauffaker et al. 
1970, Shaner and Boyer 1976, Kauffaman et al. 1971, Onweune et al. 1971). Pokhriyal 
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et al. (1990) have found higher nitrate reductase activity in the months of September and 
February. 

Nitrate reductase activity has been found to show positive correlation with the 
yield characters. Fibres and wood weight per plant and yield potential could possibly 
be related with nitrate reductase activity at seedling stage (Singh et al. 1994). 

2.13 Crude Protein 


Trees and shrub leaves are useful to grazing animals as a source of protein to 
supplement the high fibre and moderate to high energy diet provided by grass during the 
dry parts of the year. Tree leaves have been studied for crude protein by many workers 
(Kehar and Goswami 1956, Sen et al. 1978, Negi 1983, Upadhyay et al. 1974, Pal et 
al. 1979) 

The seasonal and locational variation in crude protein is fairly wide but percent 
crude protein content is highest when dry matter was at its lowest (Majumdar 1967). 
With the advent of monsoon the crude protein values began to drop while in early spring 
it again rises and at their succulence stage possess practically the same amount of crude 
protein as the concentrates (Gupta 1983). 


Majumdar et al. (1967) studied the leaves of 17 species of trees and concluded 
that during early stages of growth the leaves are rich in crude protein and calcium 
comparing favourably with the legumes. With the maturity the crude protein and 
phosphorus content decreased. 


Review of Literature 


42 


Leafiness has been found to be positively correlated with protein content (Paroda 
1975). With the advent of rainy season their is rise in crude protein content (Gupta et 
al. 1992). With the increase of tree stuble height the crude protein content also increased 
(Mendoza et al. 1983). The crude protein digestibility from green tree leaves was fairly 
high compared to the older ones (Jain and Beniwal 1983). 

2.14 Carbohydrate 


Starch determination in crops is important since the carbohydrate pool is a 
determining factor in the growth, development and yield. It is stored as a 
macromolecular reservoir and enriched in the seeds of cereals and bulbs of plants (eg. 
stems of young plants and specially in leaves) as a temporary storage form of energy 
(Chaplin and Kennedy 1986). 

Lambers and Posthumus (1980) reported that the carbohydrate content of both 
roots and shoots of P. lanceolata was not affected by light intensity. Vandana and Bhatt 
(1996) reported that the sugar content of leaves and roots in Sesbania species decreased 
as the light intensity decreased. In the stem, sugar content increased with plant age. 
Starch content in leaves and roots has not been found to show any special trend 
according to age of the plant while in stem, starch content increased as the light intensity 
decreased. 

As a result of water stress, the sugar content of leaves increased as the starch 
content decreased (Eaton and Ergle 1952). A direct correlation between starch content 
and PN was reported in sunflower and soybean (Potter 1980). Naidu and Swami (1996) 
also reported that monthly data on the leaf starch content and PN both expressed per unit 
leaf area were positively correlated and accumulation of starch content increeised with 
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the increasing PN. 

2.15 Mimosine 

Mimosine is a free amino acid which acts as antimetabolite inhibiting the 
utilization of tyrosine needed for formation and growth of hair and wool. Mimosine 
gets degraded in to DHP (3-Hydroxy 4(lH)pyridone) in the rumen of the ruminants like 
cattle and goats through an enzyme present in some of the mimosine containing cells of 
Leucaena. 

Krishna Murthy and Mune Gowda (1983) determined mimosine concentrations 
in Leucaena cultivars. They found higher concentrations in growing tips (8.84 to 
2.15%), tender pods (5.42 to 1.42%), tender leaves (4.95 to 0.97%), tender buds (3.86 
to 0.19%), spread leaves (3.35 to 0.22%), young stems (2.03 to 0.32%) and older leaves 
(2.68 to 0.15%). Relwani and Khandale (1988) reported that the mimosine content in 
the newly emerging leaves was higher in cool winter (October) compared to May and 
July, warmer months of summer. There was signific^t negative correlation between 
mimosine content and lignification (Arora and Joshi 1986). While reported higher 
mimosine level during the summer months from Jvme to August and lower in winter 
and early spring, probably due to the higher frequency of precipitation in smnmer and 
increased dry matter accumulation during winter, mimosine concentration showed a 
tendency to increase with the age of plants. There was a negative relationship was 
found between dry matter and mimosine content (Joshi et al. 1986). 


Review of Literature 


44 


2.16 Biomass and Production Dynamics 


The process of production based on carbon assimilation and absorption of mineral 
nutrients and their fate in terms of flow of energy and cycling of minerals tiirough 
primary producers, or green plants and secondary and tertiary producers such as 
herbivores, carnivores, detrivores, microganisms, decomposers and fixers, etc. have 
proved to be the most exciting study in ecosystem analysis for management purposes. 
India has been an active participant of many international efforts i.e. International 
Biological Programme-IBP- 1964- 1974, Man and Biosphere Programme-MAB-1972, 
special committee on problems of the Environment SCOPE 1974 (Continuing), United 
Nations Environment Programme- 1974 (continuing) in revealing the structure and 
function of the Biosphere. 

Ovington (1960) remarked that "there are abimdant data of the productivities of 
different woodlands in terms of the volume of marketable stem but relatively few data 
of the weights of bole, branch, leaf and root materials produced. The literature available 
on temperate and western pacific regions is reviewed by Ovington (1962, 1965), Bray 
and Gorham (1964) and Kira and Shidei (1967). Misra et al. (1967) remarked that 
"Surprisingly little is known about the effect of monsoon on tropical deciduous forests. 
In 1967 systematic studies on biomasl^roduction were started by Misra and his co- 
workers at Varanasi. Estimates of forest biomass and productivity are now available 
from the following regions: (1) tropical dry decidaous forests in Vindhyan Plateau region 
(Misra et al 1967, Desh Bandhu 1970. R.P. Singh 1974, K.P. Singh and Misra 1978); 

(2) Tropical deciduous forests in Dang region, Madhya Pradesh Pandeya et al 1970, 

•* 

1972, Vyas et al 1972); (3) Tropical Rain Forests in Western Ghats (Rai 1981); (4) 
Central and Eastern Himalayan tropical moist and temperate forests (Chaturvedi and 
Singh 1987 a,b, Rawat and Singh 1988 a,b, Toky and Ramakrishnan 1983, and Rana et 
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al. 1988, Joshi et al. 1990, Sah et al. 1994). These ^dies have clearly brought out tte 
relationship between the various components of trees. In the recent stwiies on the 
woody biomass production it has been found that the production of main bole (which 
is the commercial product from forests to be used for timber, fuel or pulp) has a 
relationship with the other parts (Branches, twigs, leaves, fruits and roots in case of non 
coppicing species). 

In most of these studies the production has been attempted on per tree basis. In 
cases where the area based production has been worked out (Desh Bandhu 1970) due 
to lack of age factor the productivity estimates have not been attempted. But on dry 
deciduous species, it has given precisely the contribution of each species on area basis 
subject to the change in habitat and specific plant density. 

May and Webber (1982) have reported that the patterns of aboveground standing 
crop, belowground biomass, and above: belowground ratios are controlled by water 
availability, length of growing season, exposure and soil stability. Sah et al. (1994) 
have reported that the canopy biomass and total biomass replacement was maximum 
during the rainy season, whereas, the replacement of the root biomass was greater during 
the winter. Several studies have been done on the partitioning of biomass in different 
parts of trees by Rana et al. (1989) on Central Himalayan Sal, by Singh and Yadava 
(1991) on oaks in Manipur and by Lodhiyal et al. (1992) on Populus deltoides. They 
all reported that maximum biomass partitioning have been foxmd in bole. For Populus 
deltoides Lodhiyal et al. (1992) reported that of the total biomass, the allocation to 
different components was: Bole wood- 49.4-53.9%; bole bark, 6.7-7.8%; branch, 8.5- 
11.9%; twigs, 2.8-3.5%; leaves 6.0-9.3%; stump + roots, 11.9-13.0%; lateral roots, 6.0 
-7.0%; and fine roots, 0.9-1. 2%. 
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Certain studies on mini rotations of spa:ies like Sesbania sesbm, S. grandiflora 
and L. leucocephala have been conducted at high density in 2-3 years rotation under 
coppice farming (Gupta et al. 1983, Rai et al 1983, Pathak et al. 1984). Gupta et ai. 
(1983) reported maximum biomass of 60 kg/tree at 4.5 years age on canal side 
plantations of Sesbania sesban. In Sesbania graruiiflora, Rai et al. (1983) reported 71.3 
t/ha biomass production. Pathak et al. (1984) reported 74.32 t/ha mean annual 
productivity in K8 variety of Leucaena leucocephala. All of them have reported a linear 
relationship between collar diameter, dbh, height and the biomass. 

Khan and Pathak (1996) evolved biomass prediction models in Leucaena 
leucocephala. They observed high correlation between biomass components with dbh 
followed by collar diameter. They presented biomass tables based on dbh classes for 
each components with equation viz., Total above ground biomass = -1 + 0.0606 
(1+dbh)^'^’ (R^ = 0.98). They also observed that variation in biomass increased up to 
6.5 years and then declined widi maturity. In an earlier study Khan and Pathak (1986) 
observed that collar diameter measured at the ground level played a significant role in 
predicting the biomass components. Better prediction of the leaf and pod production was 
possible through the logarithmic transformation of the data. 

Khan et al. (1990) while discussing the methodology for biomass prediction in 
multipurpose trees and shrubs found that as against the linear relationship, cpstatistic was 
better for optimum prediction of the biomass. Through the system analysis 
metbodologies it was possible to accurately predict tlie growth and biomass production 
in Acacia tortilis on varying sites with precise accuracy (Khan et al. 1994). Similarly 
growth and production models for Hardwickia binata were also produced by Khan et 
al. (1993). In this study, the dbh was found to give the best prediction of biomass and 
the wood volume. 
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In trees, the current productivity rises to a maximum during the active growth 
phase but declines with maturity, so the average rate continues to rise until the current 
rate falls to equal it. In case of Pinus sylvestris (Peterken and Newbould, 1966) found 
both to be equal at 45 years. 

The yields of energy plantation in various regions of the World are summarized 
by Anderson et al. (1983). It indicates that the intensively managed plantations of 
carefully selected stocks achieve high productivities by efficient use of incoming solar 
radiation. Plants like Eucalyptus and Leucaena have given very high productivities in 
tropics. Specially selected stocks of poplar, willow and sycamore have given an yield 
of 30 t/ha/yr on less productive areas in drier regions of USA. The productivity thus 
varies with site quality, tree selections and cultural practices viz., fertilizer and irrigation. 

Horn (1971) analysed the monolayer and multilayer growth pattern of trees as 
related to their successional stages. The light interception below 20% of the light 
intensity becomes important in forests because of the photosynthetic efficiency of 
leaves adopting to it. The monolayer species casts more shade compared to the 
multilayered one and thus the succession starts with multilayered ones and reaches 
towards monolayer one. These are the biological adjustments in species and are unique 
in the tropical systems. Ramakrishnan (1978) further remarked that the higher 
productivity of tropical forests may be owing to their growth pattern and the canopy 
structure which needs to be studied in detail. 

Relative growth rate (RGR) is the most important index of productivity. The 
possible influences on RGR are many fold and complex in their interactions. Some of 
these influences are strongly associated with pattern of ontogeny and are relatively 
iiTiTnnn e to manipulation by the foresters or agronomists, though perhaps amenable to 
the efforts of the breeder. 
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Productivity or RGR depends mainly on the rate of assimilation and the 
partitioning of photosynthates among photosynthetic and non-photosynthetic tissue. Th® 
partition of leaf area ratio (LAR) permits a fine analysis of growth. Leaf weight ratio 
(LWR) is a quantity strongly effected by ontogeny (Ledig et al 1970), while specific 
leaf weight (SLW) is a sensitive measure of environmental influences (eg. Evans 1972). 
Thus the partition of LAR into LWR and SLA results in partial separation of 
endogenous and exogenous influences on leafiness and on growth (Ledig 1974). 

Net assimilation rate (NAR), an index of physiological activity, is the rate ofdry 
matter accumulation per imit leaf area. It is a measure of the efficiency of energy 
capture and conversion of carbon conservation including the losses during respiration. 
Relative growth rate and net assimilation rate have been reported to have a linear 
relationship with light intensity (Pandey and Sinha 1977). The shoot: root ratio is often 
considered to be stable for a species under any given set of environmental conditions 
(Waring 1970). On this basis, Thomely (1972) developed a model to account for the 
partition of assimilation between leaf, stem and roots. Leaf, root and stem of loblolly 
pine seedlings are characterised by seasonal periodicity in growth. Allocation of dry 
matter to the leaves and other organs, showed a temperature dependence. Daily growth 
rate based on leaf biomass showed even greater difference in temperature dependence 
between species. 

2.17 Litter Production and Dynamics 

Litter is the dead accumalated parts of a tree. Plant litter plays a major role in 
the trophic structure and functional characteristics of terrestrial ecosystems by acting 
primarily as an energy source for heterotrophic soil organisms and as a large reservoir 
for plant mineral nutrients (Chapman 1976, Singh and Gupta 1977). Macfadyen (1963) 
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Whittaker (1975) and Ola et al. (1992) have indicated the importance of litter 
production to energy flow and nutrient cycling in temperate ecosystems by pointing out 
that a very large proportion of the energy fixed in primary production reaclws the soil 
as dead organic matter. 

Bray and Gorham (1964) reviewed the litter production in the forests of the 
World. Several studies have been carried out from time to time on different forest types 
as on temperate forests. Madge (1969), Lee and Wood (1971), Sanchez and Sanchez 
(1995) on tropical forests. Went and stark (1968), Cooper (1982) on rain forests of 
South America. 

Intensive studies concerning litter fall in forest stands have been conducted in 
many parts of India notably from deciduous forests of Varanasi (Singh 1968), 
terrestrial ecosystems (Singh and Gupta 1977); Oak conifer forests in Kumaun Himalaya 
(Pandey and Singh 1981); pine ecosystem in Meghalaya (Ramakrishnan and Das 1983), 
Alnus plantations in eastern Himalaya (Sharma and Ambasht 1987); Dalbergia forest in 
northern India (Rajvanshi and Gupta 1980), dry evergreen forests (Visalakshi 1993) 
sacred grove forests of Cherrapimji (Khiewtam and Ramakrishnan 1993); Garhwal 
Himalaya forests (Pant and Tiwari 1992). Information on litter production in the semi- 
arid Bundelkhand forests is lacking. 
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In a Dalbergia sissoo forest ecosystem, Rajvan^ and Gupta (1985) reported 
annual litterfail of 4790 kg dry matter/ha/ 3 rr of which leaves formed 69% of the totel. 
Gupta et al. (1988) foimd that in Populus deltoides - Leucaena leucocephala 
agroforestry system, annual litterfail amounted to 5700 kg/ha/yr. 

Leaf fall is found to be variable through out the year and the highest value 
were observed during the dry seasaon (Sanchez and Sanchez 1995). Twig litter fall was 
found to be highest on the start of winters, while floral parts + seeds / fruits were 
maximum during the onset of summers (Pant and Tiwari 1992). 

Rate of litterfail is controlled by environmental factors (Kunkel-Westphal and 
Kunkel 1979). Spain (1984) reported that litter fall was positively correlated with 
temperature. Sanchez and Guevara (1993) showed that there is a relation between 
litterfail and rainfall. Spain (1984) found that litterfail is inversely correlated with 
altitude and latitude. Likewise, soil fertility and the slope can also affect the litterfail 
(Jordan 1983). In arid and semi-arid regions soil moisture plays important role in 
maintaining the litter fall of trees. 

2.18 Light Use Efficiency 


Light is one of the most important factor affecting growth, development and 
competition of the plants as it is directly concerned with photosynthesis and the 
production of growth and biomass. 

The plant species vary greatly with respect to their light absorption and 
variability in solar energy utilization among different cultivars is well described by 
various workers (Kanda 1975 and Bhatt and Misra 1990). The potentiality of plants to 
trap solar energy and convert it into chemical energy determines their dry matter 
yielding capacity. Leaf morphological characters such as leaf surface features and leaf 
orientation play an important role in light absorption and consequently the dry matter 
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yield (Loomis et al. 1971). Augmentation in dry matter production through genetic 
manipulation for high photosynthesis has received much attention where tte energy 
efficiency and compartmentation of energy are well defined (Nasyrov 1981). The 
absorptance property of leaves is determined by the external environment. Leaf 
absorptance is increased as one goes from southern latitudes to the northern latitudes 
(Dadykin and Bendenko 1960). 

The process of photosynthesis depends upon the absorption of light. When light 
falls perpendicular on a leaf, reflection is minimum than transmission. As a result of 
this, absorption is held relatively constant in a wide range of incident angle (T^ayava 
and Brandt 1960). The reflectance of the leaves, in general, increases with the angle of 
incidence. It has been found that light of different colours show different absorptance 
and reflectance. Me Cree (1972) reported that the efficiency of blue light is nearly twice 
than that of red light in a low flux density. 

By a comparison of the total accumulated radiation during the growing season 
with corresponding biomass production, photosynthetic efficiency can be worked out 
(Wassink 1959, Singh and Misra 1968). Dwivedi (1971) reported tliat the maximum 
average daily energy trapping capacity of Dichanthium annulatum i.e. 34.17 k cal/mVday 
was obtained during the month of July, whereas, the maximum energy conserving rate, 
i.e. 23 .20 k cal/m^/day was found during the month of December. 

Dhyani (1989) reported that in Populus euramericana out of the total 448.75 
wm energy absorbed, 366.05 (about 81.6%) of energy was lost by reradiation and of 
the re maining , 0.9% by transpiration and 17.5 % by convection. He further stated that 
there was pronounced effect of altitude on energy exchange rate. At 550 m altitude after 
reradiation maximum amount of energy was lost through transpiration while at 3600 
m altitude after reradiation maximum energy was lost through convection. It has always 
been found that the reradiation is the dominant factor for the dissipation of the absorbed 
energy than the transpiration and convection (Gates and Benedict 1963). 
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Sims and Singh (1971), calculated the efficiency of solar energy fixation for total 
productivity values of each parts. This is based upon conversion of plant dry weight to 
calorific value by factors of 4 k cal g"’ (16.7 k Jg'*) for the above ground material and 
4.7 k cal g"' (19.7 k Jg"') for the below ground materials. 

2.19 Energy Dynamics 

The study of energy transformation within an ecosystem is called 
ecological energetics (Phillipson 1966). There is an increasing tendency of using energy 
estimation in analysing the level of production in various ecosystems rather than only 
the phytomass because it gives a finer picture of the systems productivity. It is well 
known that the energy that drives the ecosystem on the planet earth comes from the sun. 
At the outer limits of om atmosphere 1 18872 g cal/cmV yr of solar energy are received 
of which 34 per cent is reflected back and 10 per cent is held by Ozone layer, 
atmosphere and cloud and 56 per cent reaches the earth’s surface (Lindeman 1942). But 
there is wide local variation in solar radiation input to the earth’s surface depending 
upon the cloud cover, clarity of the atmosphere and other factors. 

During photosynthesis, solar energy is captured by green plants and they convert 
the same into chemical energy which passes firom organism to organism as food and 
ultimately gets converted into mechanical and heat form in cellular metabolism. The 
production potential of an ecosystem, therefore depends much on the efficiency with 
which the vegetation accumulates this energy in the net primary production. Ovington 
(1963) emphasized the significance of assessing the rate of energy fixation, its 
accumulation and release to provide a basis for integrating the diverse processes 
concerned with the energy flow in various communities. Estimation of energy flow 
along with possible quanitity of dry matter transfer may be obtained by using calorific 
values. The energy flow helps in preparation of energy budget and calculating energy 
conserving efficiency of the ecosystem which gives an overall impression of the 
ecosystem energetics. 
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A knowledge of the energy relationship is essential for- a)the estimation of 
energy flow, b)evaluation of the amount and possible quantity of energy transfer, c) 
preparation of energy budget and the calculation of energy conserving efficiency of the 
ecosystem. Having this aim in view, an attempt was made by various workers to 
determine the calorific values of different components of the plant on ash fi'ee dry 
weight and energy retention, release and fixation by terrestrial communities. 

In terrestrial plant communities studies regarding caloric value, energy content, 
flow of energy and ecological energy conserving efficiency have been made by various 
investigators (Teal 1957, Golley 1965, 1969, Gates 1962, Odum 1962, Lieth 1965, 
1962, Choudhary 1967, 1974, Singh and Misra 1968, Dwivedi 1971, Gupta 1972, Singh 
1972, Singh and Yadava 1973, Billore 1973, Misra 1973, Ambasht and Singh 1975, 
Pandey 1977, Pandey and Sant 1979, Kumar and Joshi 1980, Lamotte and Bourliere 
1983, and Lakshmanachary 1987). Rana et al. (1989) reported that the calorific value 
of tree wood ranged firom 4698 cal g'* in Quercus leucotrichophora to 4712 cal g'^ in 
Pinus roxburghii. For leaf, it ranged firom 4015 cal g'^ in Q. lanuginosa to 4312 cal g‘^ 
in P. roxburghii. The net annual energy fixation varied from 56.6 xlO 6 k cal ha '' yr"' 
(Chir Pine-mixed broad leaf forest ) to 126.5x10 6 k cal ha"' yr"' {tilonj dominated 
mixed oak forest). Net annual energy fixation in Sal old growth forests exhibited almost 
equal accumulation of energy in bole and leaf component (21x10 6 k cal ha'^ yr"') while 
in ri/on/ dominated mixed oak forest bole have stored highest energy (34x10 6 k cal ha’* 
yr*) and leaf have found to exhibit 21x 10 6 k cal ha’’ yx' ’. Energy storage in woody 
components showed a range of 731.6 - 2965.9 x 10® k cal ha’’ and in foliage and 
herbaceous aboveground parts, 29.2 - 132.9 x 10® k cal ha’’. The net annual energy 
fixation amounted to 21.1 - 77.2 x 10® k cal ha ’’ yr’’, in woody components and 
between 21.0 and 27.7 x 10® k cal ha’’ yr’’ in leaves and herbaceous above ground 
components. Golley (1961) reported in three old field communities at Michigan and 
Georgia that energy on seasonal basis increases from rainy to cool and hot weather and 
found highest in fall and winter with minimum during spring followed by siunmers. 
Chaudhary (1974) reported that energy content of green grass biomass of D. annulatum 
gradually increased from January and reached its peak in December. Singh (1988) 
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observed peak standing crop of above ground eneigy value during Novembw ui 
Bothriochloa pertusa grassland while in the standing live component it was during 
October. 
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Experimental Site and Materials and Metlmds 

The proposed investigations were carried out on morphological, ecological and 
physiological behaviour on Leucaem variants ( S24, S22, S14, SIO and K8) to 
understand their behaviour contributing to the biomass production and energetics. These 
variants were from the final evaluation trial where K-8 was us^ as control. 

3.1 The Experimental Site 

i) Geographical situation: Jhansi lies in part of Uttar Pradesh state and forms a 
significant district in the Bundelkhand region. Jhansi is situated at 75.35 east longitude 
and 25.27 north latitude at about 275 m above the mean sea level. Due to its position 
in the south-West comer of the state it bulges in the Madhya Pradesh which surrounds 
it from three sides (Fig. 3.1) 

ii) Geology. The Vindhyan high lands are formed by sedimentary of cuddapah and 
Vindhyan systems i.e., sand stone, lime stone, shales, conglomerate, quartzite, gneiss and 
igneous rocks like granite, dolomite and diorite. The upper Vindhyans have massive 
sand stone with small conglomerate at the base and rest directly on the genesis. The 
lower Vindhyans intervene between Bijawar and upper Vindhyans and consists of 
sandstone and shale in small out crops. The Bijawar series which succeeds the genesis 
occupy a narrow strip on south and consist of sandstone limestone and slates. 

Hi) Surface relief: The whole region of Bundelkhand is covered with Vindhyan ranges 
presenting undulating plains with rocky hills at places or ravines of the river beds 
running east to west. The extreme southern part is Vindhyan plateau rising in two 
escarpments, one of which rises to a height of about 90 to 160 m above the plains and 
is not well defined. The second one rises to an average height of about 300 m and is 
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-Fig. 3.1: Location of the study site 
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more clearly defined. The principal rivers that drain the southern tract are Shahjad, 
Sajnam and Jamini flowing towards nortti. Tl^ north part is drained by Betwa, Pahuj 
and Yamuna having deep and long stretched ravines. The slope is firom south towwds 
north with sharp gradient in the south and gentle in the north (Singh 1971). 

iv) Climate : The central situation of Bundelkhand region shows the feature of 
transitional climate between maritime climate of east coast and tropical continental dry 
climate of west. The mean rainfall based on 65 years average is 950.4 mm with almost 
all the months with some rain. The ombrothermic diagram based on 65 year data of 
rainfall and mean temperature drawn on a scale of P=2T shows four months as wet and 
the remaining months dry (Fig. 3.2 A). The months of June to September being wet 
show the peak rainfall exceeding 300 mm during July followed by August with more 
than 250 mm. September also had rainfall of about 170 mm. This feature of long term 
average with peak mean temperature of May and minimum of January shows that the 
area is sub - humid. In one of the studies Hazra (1981) found the area as semi - arid 
with moisture index from -40 to -60. 

During the study period (1995 - 1996) the climatic features show a very erratic 
situation whereby during both the years four months were totally dry without any 
rainfall (Fig. 3.2 B and C). During 1995 the total rainfall was 829.9 mm with 42 rainy 
days while during 1996 it was 952.7 mm on 52 days. Thus there was a net increase of 
122.8 mm on the 10 days. The month of July received maximum precipitation during 
both the years with maximum during 1995. the rain during July was more spread over 
in 1996 compared to 1995 (18 compared to 15 days). As the trend is , August in the 
second rainiest month. During 1996 there was 316.6 mm rain during August compared 
to 21 1 mm in 1995. The situation was just like July showing higher intensity with higher 
rainfall in 1996 compared to 1995 with low rainfall and longer spread over. The most 
interesting feature is 1 10.57 mm rain on two days during October 1996 compared to no 
rain during 1995. The following two months were rainless up to December. Rain during 
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Fig. 3.2: Ombrothermic diagram and climatic parameters during the 
study period at Jhansi 
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September was quite low during 1996 compared to 1995. The year 1996 showai five 
months from June to October with more than 50 mm rain vdiile in 1995 only four 
months from June to September were rainy. 

Jhansi receives very high summer temperature with peak mean maximum during 
May (43.1 °C during 1995 and 41.8 °C during 1996). The mean mirumum temperature 
was lowest during January (4.8 °C in 1995 compared to 6.8 °C in 1996). The figures 
show very low variation between maximum and the minimum temperature during July 
and August during both the years while it was maximum during March - May and 
November - December. The narrow range of variation during July and August is 
conducive to fast growth and leaf expansion while the broader range is re^nsible for 
reproductive growth and seed setting. 

The evaporation demands are maximum in May (13.9 mm/day) and the minimxim 
in January (2.1 mm/day). The evaporation demands in October, November, February, 
April and May are more than the precipitation (Fig. 3.3). The months with high 
evaporation demands are also associated with longer duration of bright sunshine hours 
(8-10.6 hours) and higher wind velocity (4-9.6 km/hour). These factors affect relative 
humidity and all these factors contribute to the soil moisture, temperature, plant grovrih 
and anthesis. A noteworthy feature of Jhansi is also daily peak temperatures during 
summer months when for a few days to a week the peak temperature may touch beyond 
48 °C (during the last week of May or first week of June). 

v) Soil : In this tract there are two major soil groups viz, red and black . The red soils 
are normally coarse, grained upland soil and the black soils are heavy and distributed 
in low lying areas. These soils are residual in nature and are formed from parent 
material in situ. The red soils originated from gneiss and granite and some time even 
from sand stone, while the black soils are formed fi:om lime stone. On the basis of their 
colour and texture the two soil types are further grouped in to Rakar and Parwa for red 
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soils and Kabar and Mar for black soil. The experiments were carried out on red soils. 

v.i) Soil characteristics of the site: The soil characteristics were studied as per the 
method of Piper (1957) and Jackson (1962). The results are presented in table 3.1. 


Table 3.1 ; Edaphic parameters of the plantation site 6.6 - 6.9, water holding capacity 27 - 29 %, 
conductivity 31.3 - 51 m mho/cm’). 


Month 

Depth 

(cm) 

Organic 

carbon 

Available 

nitrogen 

(kg/ha) 

Available 

phosphorus 

(kg/ha) 

Available 

potassium 

1 (kg/ha) 

Calcium 

(%) 

Magnesium 

(%) 

Sept. 95 

0- 15 

0.28 

265 

32.1 

; 224 

0.017 

0.011 


15 - 30 

0.22 

207 

26.6 

196 

0.017 

0.012 

March 96 

0- 15 

0.37 

274 

32.1 

210 

0.014 

0.014 


15 - 30 

0.26 

207 

27.8 

196 

0.017 

0.015 


a) Soil colour: The soil of the experimental site was reddish 


b) Soil pH: The soil pH was taken from the experimental site at 15 cm and 30 cm 
depths. At 15 cm depth it was 6.7 while at 30 cm depth it was 6.6 indicating its neutral 
nature. 

c) Soil conductivity: The conductivity varied from 51.0 to 31.5 m moles /cm^ at 15 and 
30 cm. 

d) Water holding capacity: The water holding capacity was in the range of 27-30% 
with low values at 30 cm depth. 

e) Soil moisture: Soil moisture percentage at 15 cm depth was found to be maximum 
in the month of August while minimum in the month of May. At 30 cm depth 
maximum soil moisture percentage was found in the month of August and minimum 
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in the months of March and October (Fig. 3,4) . 

J) Soil organic carbon: The soil organic carbon content was found to be maximum in 
the month of March at both depths. This behaviour indicates utilization and build up 
of carbon in the soil during cold dry monttis when the growth activities are dormant. 

g) Soil nitrogen: Available nitrogm content was high in the month of March at 15 cm 
depth while at 30 cm depth it was found to be same during both the observation months 
(Table 3.1). 

h) Soil phosphorus: Soil phosphorus content was foirnd to be same in both the months 
while at 30 cm depth it was high in March. 

i) Soil potassium: Soil potassium content was found to be high in September at 15 cm 
depth while at 30 cm depth it was found to be same in both months. 

j) Soil calcium: Calcium was found to be almost same at both the depths in both the 
months although at 15 cm depth it was less during March. 

k) Soil magnesium: The magnesium percentage was found to be high in the month of 
March at both the depths compared to September. 

3.2 Experimental Materials 

The growth and biomass production of selected varieties of Leucaena 
leucocephala has been studied at the Military padao area of the IGFRI experimental 
farm. It was a sloppy calcareous degraded grassland area where calcium carbonate 
nodules were quite apparent even on die surface and it was very dry during most parts 
of the year. The plantations raised during 1989 and coppiced in 1994 were used for the 




Plate 2 : A general view of Leucaena leucocephala plantation. 

A) A view of different rows. 

B) A view of different blocks. 
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study of growth, phenology, biomass production. Utter production and seed production 
studies. Three plants of each variety were marked for measuring the growth of height, 
collar diameter and diameter at breast height (dbh). Number of branches, canqpy 
structure and clean bole height were also recorded. Three plants of each variety were 
uprooted for recording the biomass production data at one and two year growth. The 
components were separated in to bole, branch, leaf and pod fractions, weighed ami 
finally dried in the hot air oven at 80 °C. 

For early growth, morphological and physiological characters of these varieties 
the pot culture experiments were conducted at nursery / net house of the Division of 
Plant Physiology & Biochemistry of IGFRI, Jhansi. 

3.3 Research Methodology 

3.3.1 Litter Collection : Seasonal pattern of leaf fall, twig fall and shedding of other 
plant parts was studied by collecting the material under the tree every 15 days. Litter 
traps (1 X 1 m) were placed imder the tree in each replication and the variety. The 
samples were collected, separated manually in to leaf, twig, pod flower and other 
miscellaneous parts, weighed and kept in the oven for recording the dry matter at 80 ®C. 

3.3. 2 Seed Collection : Healthy and viable seeds of Leucaena leucocephala variants in 
uniform shape and size were collected from the plantations. Seeds from individual trees 
were collected and stored separately. 

3.3.3 Raising of Seedlings : The seeds of uniform size of Leucaena were scarified and 
sown in polythene bags containing garden soil and sand (1 :1) in the nursery/pot culture 
house of Plant Physiology and Biochemistry Division during last week of May. The 
unif orm seedlings of 3-4 leaf stage were transplanted in the poreceline pots (29.5 x 20.5 
cm) filled with garden soil, farm yard manure and sand (2:1 :1 ratio) Each pot contained 
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only one plant. The plants were reared regularly as per the standard agricultural 
practices. 

3.3.4 Growth Behaviour and Morphological Studies : To study the growth behaviour, 
biomass production, physiological and biochemical processes in relation to seasonal 
growth and age during one year of growth, the uniform seedlings were selected. The 
pots were arranged randomly in rows and distance between two adjacent rows was 
maintained at 90 cm to allow better light penetration and also to facilitate inter-cultural 
operations. 

3.3.5 Recording of Morphological Data : For recording the morphological and growth 
parameters three plants of each variety were uprooted at monthly intervals and the 
observations on plant height, stem diameter, number of branches, number of leaves, root 
length, number of nodules, leaf area, fresh and dry weight were recorded. For taking 
fresh weight the plants were washed properly in running water and blotted to remove 
extra surface water before weighing. The leaf area of fresh leaf was measured by 
automatic portable leaf area meter (model LI - 3000, USA) before weighing. The 
samples of each plant parts were dried in electric oven at 80 “C for 48 hours and then 
the dry weight was recorded. 

3.3.6 Analysis of Growth Data : The different parameters of growth were calculated 
by using the formulae of Evans (1972) as follows: 

i. Relative Growth Rate ( RGR) : 

log^ W^ - log, W, 

RGR= g/g/day 

t2-tl 

(Where Wj and W, are dry weights in g at harvest times tj and tj respectively). 
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a. Root : Shoot Ratio : 

Mean root dry weight 

Root; Shoot ratio = 

Mean shoot dry weight 

Hi. Partitioning of Dry Matter : 


The partitioning of dry matter in different plant parts was calculated as: 

Dry weight of individual part X 100 

% Dry weight = 

Total dry weight 

zv. Specific Leaf Area (SLA) : 


The specific leaf area is calculated as 
Leaf area 

SLA= (cmVg) 

Leaf weight 

V. Specific Leaf Weight (SLW) : 


The specific leaf weight is calculated as : 
Leaf dry weight 

SLW = (mg / cm^) 

Leaf Area 


vz. Leaf Area Ratio (LAR) : 


The leaf area ratio is calculated as : 

Total leaf area of plant 

LAR = (cm^ /g) 


Total plant dry weight 
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vii. Leaf Weight Ratio(LWR) : 

The leaf weight ratio is calculated as : 

Dry weight of leaf 

LWR= 

Total plant dry weight 

3.3.7 Growth and Biomass Data from the Plantations : The coppice growth data of 
plant height and diameter ( Collar diameter and diameter at breast height (1.37 m)) were 
recorded quarterly from the three replications of the Leucaena leucocephala varieties in 
the field. At the end of one year and two years, selected trees were felled from each 
replication for recording the biomass data (Newbould 1967). Trees were cut in to one 
meter segments. From each segment the biomass was separated in to bole, branch, leaf, 
flower and fruit segments and weighed. From the one meter bole segments, furth^ 5 cm 
disc was cut by saw, the bark and wood separated, weighed and kept in the oven 
at 80 °C temperature for the determination of the dry weight. Small samples from other 
parts viz., branch, leaf, pod were kept for the dry matter determination. The below 
ground parts were also excavated up to a depth of 1 m. Roots were carefully collected, 
washed and weighed. Sample was also drawn for the determination of the dry matter. 
The third year biomass was worked out from the basic growth data through the available 
production models (Pathak et al. 1987). 

3.38 Physiological Observations : Measurements of photosynthetically active radiation 
(PAR), air temperature (AT), relative humidity (RH), net photosynthesis (PN), stomatal 
conductance (CS), intercellular COj concentration (CINT) and transpiration rate (TR) 
were made in the leaves by using the LI-6250 portable photosynthesis system (LIGOR, 
USA). In each replication fully expanded healthy second and third leaves were used to 
record the observations. All the measurements were made at ambient COj between 1100 
and 1200 homrs on a clear sky day. The ratio of PN/TR, PN/CINT were also calculated. 
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3.3.9 Biochemical Estimations 

i. Photosynthetic pigments : Photosynthetic pigments in fredb leaves wotc estiinal^ % 
the method of Duxbury & Yantsch (1956) and Comer (1962). One gram leaves were 
homogenized in 80% ajcetone and the supernatant was filter^ through funnel using filter 
paper in 50 ml volumetric flask and made volume with acetone. A suitable amount of 
aliquot was taken in 25 ml volumetric flask and made up to 25 ml with acetone. 
Concentration was measured by measuring the absorbance of the solution using UVS- 
119 spectrophotometer at 660 & 640 mu wave length for total chlorophyll, chlorophyll 
‘a’ and chlorophyll ‘b’ whereas carotene content was measured at 510 & 480 mu. The 
fractions of chlorophyll were calculated from the absorption values using equation given 
in A.O.A.C. (1970) and expressed in mg/g of the fresh weight 

Chlorophyll ‘a’= 9.93xO.D. (660 mu) - 0.777x0.0.(640 mu) 

Chlorophyll ‘b’ = 17.3x0.0.(640 mu)-2.8xO .0.(660 mu) 

Total chlorophyll = Chi a + Chi b 

Carotene = 7.0 (0.0. at 480 mu) -1.47 (0.0. at 510 mu) 

a. Nitrate reductase activity : Nitrate reductase activity in fresh leaves was estimated 
by using methods of Bar-Akiva and Sturbaum (1965) and modified by Kleeper et al. 
(\91V). Weighed 0.3 g of fresh leaves and cut into small pieces and placed in 5 ml 
tubes added 3 ml of 0.2 M KN03 and 3 ml of 0.1 m phosphate buffer (7.5 pH) and 
incubated for 2 hours at 30° -33 °C. After that, tubes were removed and Immersed in 
boiling water bath for 4 minutes to stop the reaction for effective removal of nitrate 
accumulation in plant tissues. Cooled the tubes and added 1 ml of 1% sulphonilamide 
+ 1 ml of 0.01% N (1-Nepthalenadiamine hydrochloride) and mixed thoroughly and kept 
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for 25 minutes for colour development. Subsequently 0.2 ml was taken in separate tube 
and made the volume up to 6 ml with distilled water. Optical density was measuroi at 
540 mu on UV - VIS-119 spectrophotometer and the nitrate reductase activity vras 
calculated from the optical density and expressed in m u mole NOj/ g fie:^ weight /h 
of the fresh weight. 

10 X O.D. X Total Volume 
0.09 X Volume of aliquot taken 

in. Crude Protein : Crude protein of the samples was determined by multiplying the 
value of total nitrogen by 6.25. Total nitrogen was determined by micro-Kjeldahl’s 
method (A.O.A.C. 1960). 100 mg oven dried samples were taken in a dry micro- 
Kjeldahl flask containing 5 ml. SO 4 (Nitrogen free) and catalytic mixture and kept 
for digestion. The desired material was transferred into volumetric flask and tihe voliune 
was made up to 50 ml. A suitable aliquot (about 5 ml) was takm in to the distillation 
apparatus along with 5 - 10 ml 40% NaOH. Ammonia collected in 21% boric acid 
containing 2-3 drops of mixed indicator for 7-10 minutes was titrated with N /50 
standard sulphuric acid solution. 

Sample titrated - Blank taken X normality of H2S04 X 100 

%ofN= 

Sample weighed in mg X 100 

Crude Protein = 6.25 X % of Nitrogen 

iv. Determination of Sugar and Starch : Sugar and starch content of samples was 
estimated by anthrone method (Morris 1948). 100 mg ground dried sample was taken 
into a 15 ml centrifuge tube and 10 ml of 80% ethanol was added to it. These tubes 
were kept on water bath at 80-85°C for 30 minutes. It was centrifuged and decanted 
into a 25 mi beaker. Ethanol was evaporated on a water bath at 80 - 85 °C until most 
of the alcohol was removed.. This was made up to 25 ml with distilled water. 5 ml 
of this sugar extract was taken in a 100 ml volumetric flask and the volume was made 
up with distilled water. 5 ml of this solution was taken in a test tube in ice bath. To 
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each tube 10 ml of 0.2% anthrone reagent was added. These tubes were kept into a 
boiling water bath for exactly 7.5 minutes cooled in ice and absorbance was measured 
at 630 mu on Spectronic-70. 

The residue left in the centrifuge tube was dried at 80 °C in an oven for starch 
extraction. After adding 2 ml of distilled water, tubes were kept on boiling water bath 
for 15 minutes. After cooling it 2 mi of 9.2 N perchloric acid was added to it and then 
made up to about 10 ml and centrifuged. After collecting the superrartant, 2 ml of 4.6 
N perchloric acid was added to the residue and made up to 10 ml wifti distilled water. 
It was centrifuged and the supernatant mixed wnth the previous one. This was made up 
to 50 ml with distilled water. 5 ml of it was taken in a 50 ml volumetric flask: and the 
volume was made up with distilled water. Now 5 ml of it was taken in a tube, kept in 
a ice bath and 0.2% anthrone was added to it. After keeping it for 7.5 minutes on 
boiling water bath and cooling in ice absorbance was taken at 630 mu on Spectronic- 
70. The values for sugar and starch content were obtained by putting the values of O.D. 
in the standard curve. 

V. Mimosine : Mimosine content in leaves of L. leucocephala varieties was determined 
by calorimetric method described by Brewbaker and Kaye (1981). One gram fresh leaf 
sample was macerated with 9 ml 0.1 N HCl in pastle and mortar and centrifuged for 
5 minutes at 2000 R.P.M. 1 ml of supernatant liquid was mixed with 2 ml of 
O.lNHCl with charcoal, boiled for 15 minutes on water bath and filtered through 
Whitman paper No. 42. Two ml of aliquot was taken mixed with 5 ml of EDTA 
solution (Na2 EDTA 2H2O Ig in 4 liter distilled water) and 1 ml solution of ferric 
chloride (2 g Fe CI3 6H2O dissolved in 500 ml of O.IN HCl) and mixed well. The 
absorbance was measured at 535 mu on Spectronic-20 along with the control sample. 
The values for mimosine content were obtained from the standard curve. 


vi. Determination of energy value in plant samples : The energy in terms of calorie 
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value was estimated in the dry mateial of leaf, sftem and root. The dried material was 
powdered in a sample grinder (20 mesh sctem) and 1 g pellets were pepared from tl^ 
fine powder. These pellets were dried and kept in a desiccator for the determination of 
calorie values using an oxygen Bomb Calorimeter (model -RSB 3). Tte calorie value 
was presented in kcal/g dry wt. 

vii. Energy flow and ecological efficiency : The dry matter values of the plant biomass 
were multiplied by their energy value to obtain the energy allocation pattern to different 
components of the biomass. From these data the energy flow diagrams were pre|»red 
for the year. The ecological efficiency was calculated by dividing the total energy 
produced by the utilizable solar energy received per unit area multiplied by 100. 

viii. Statistical analysis and presentation of data : The data were airalyzed statistically 
and significant responses at 5% level have been compiled using the methods of Fisher 
and Yates (1963) and Pause and Sukhatme (1967). The critical difference (CD) has also 
been worked out for comparing the mean values of the treatments and their effects on 
the stages and their interactions. 

Correlation coefficients among various important morphological, physiological 
and their interdependence of the characters. Graphical representations have been made 
to facilitate easy understanding of the table and responses to the treatments. 



4.1 


Early Potential Growth and Physiology 

4.1.1 Growth and Morphological Characteristics 

a) Height Increment : The cumulative height growth of all the five varieties of 
Leucaena leucocephala during different months in the first year growth is shown 
in figure 4.1.1. The first growth flush in all the varieties continued for 150 days 
from the date of germination. The second growth flush was observed from March 
(after 270 days from the date of germination). Although no remarkable difference 
was observed among the varieties with respect to their height increment within one 
year, the maximum height vras observed in variety SIO. In the beginning S24 
showed fast growth but at 150 days variety K8 had nmximum height (Table 4.1.1, 
Plate ^). All the varieties showed their faster growth rate between July and 
November. 

The relative extension growth rate (REGR) of these varieties with respect to 
their age is shown in figure 4.1.2. The rate of extension growth was found to be 
highest in almost all the varieties at the seedling stage i.e., July to November. Again 
there was an increase in relative extension growth in all the varieties with low 
magnitude during different months between March to May. 

b) Diameter Increment : The mean values of diameter growth of the plants measured 
in all the five varieties during different months of the year is shown in figure 4.1.3. 
It can be seen from the graph that the diameter growth in all the five varieties 
continued up to 270 days after germination. The growth decreased during February- 
March and again increased in April-May. After one year K8 and S22 attained 
maximum diameter followed by S24 and SIO which Avere at par, while minimum 
diameter growth was recorded in S14. 

The relative radial growth rate (RRGR) is given in figure 4.1.4. It is apparent 
that radial growth shows maximum stem diameter increment in the month of 



REGR (cm/cm/day) Height {cm) 
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Fig. 4.1.1: Height growth in L leucocephstla varlefes 
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Fig. 4.1.2: Relative extension growth rate (REGR) of plant 
height in L teococepha/a varieties 
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Fig. 4.1.3; Diameter growth in Leucaena leucocephala 
varieties 


210 240 270 Jnn 

Days after germination 330 


Varieties 

S24 


Fig, 4.1.4; Relative radial growth rate (RRGR) of diameter in 
L leucocephala varieties 
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November and January to March. Variety S22 showed maximum radial growth 
during summer months i.e., after 300 days of growth as compared to other varieties 
taken. 


Table 4.1.1 : Analysis of variance of plant height in Lleucocephcda varieties during different months. 


Variables 

Degree of freedom 

Sum of squaie 

Mean sum of square 

F value 

Replication 

2 

3145.40 

1572.7 

6.613*'» 

Varieties (V) 

4 ■ ' 

823.001 

205.75 

0.8651 NS 

Months (M) 

11 

422016.991 

38365.181 

161.319*** 

V X M 

44 

3579.48 

81.35 

0.3421 

Error 

118 

28062.872 ' 

237.821 



** Significant at 1% level, ***Significant at 0.1% level, - Non significant 


c) Root Growth : All varieties exhibited almost similar rooting pattern (Fig. 4.1.5). 
The root growth in all the varieties increased upto 120 days from the date of 
germination. The root growth was slow in autumn which ceases during February- 
March. The root growth again picked up after March-April and K8 attained 
maximum root length followed by S14 while other varieties were at par. 

d) Number of Nodules : The production of nodule with respect to their numbers in 
all the varieties is given in figure 4.1.6. The number of nodules continuously 
increased with age of seedlings upto January and decreased in February. In March 
the nodule production again increased but in summer months it declined. Variety S24 
and S22 had produced maximum number of nodules. 


e) Production of Leaves : The production of leaves with respect to their number in 
all the varieties is shown in figvue 4.1.7. The production of leaves gradually 
increased upto 180 days of seedling growth i.e., up to December and then decreased 
during January - February in almost all the varieties. In March there was again rise 
in leaf production which continued up to April. During May the leaf number 
decreased slowly in all the varieties may be due to higher temperature dining the 
summer S22 produced maximum leaf number over the one year of growth as 
compared to the other varieties. 



Root length (cm/plant) 
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Fig. 4.1.6 ; Number of nodules per plant in Leucaena 
leucocephala varieties. 
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J) Number of Pinnae : The number of pinnae was found to increase gradually upto 
the month of November, after that these remained almost constant (Fig. 4.1.8). The 
production of pinnae decreased in summer months. At the early growth stage the 
production of pinnae was more than the later stage of growth. Variety S24 and SI 4 
had highest number of pinnae per leaf at the end of June as compare! to otiter 
varieties. 

g) Number of Branches: The number of branches in one year of growth in all the 
five varieties is given in figure 4.1.9. The number of branches increased from 
September to March in all the varieties. The production of branches decreased and 
remained almost half in April which may be due to ^nescence. the formation of new 
branches again started with the growth flush during June - July. In the beginning 
variety S22 had maximum number of branches but at the end of the year of growth, 
variety K8 was on the top. 

4.1.2 Physiological Characteristics 

All the varieties were assessed throughout the growing period for carbon 
dioxide assimilation, transpiration, stomatal conductance, carboxylation efficiency 
and water use efficiency. These results are discussed as physiological and 
assimilatory characters of these varieties during different months of the year. 

a) Microenvironmental parameters : The Microenvironmental parameters such as 
photosynthetically active radiation (PAR), air temperature, (TAIR), relative humidity 
(RH) and vapour pressure deficit (VPD) were recorded at the time of recording 
assimilatory parameters during different months of the year and presented in figure 
4.1.10. It is apparent fi-om the figure that photosynthetically active radiation and air 
temperature are lowest during December and highest during the month of June. The 
maximum RH was recorded in rainy season while VPD was highest in the month of 
May. 
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b) Photosynthesis : Monthly variation in the rate of net photo^thesis (PN) in all 
the five varieties is given in figure 4.1.11. Maximum rate of photosynthesis was 
recorded in all the varieties during October and higher values were rmirded in 
variety S24 (24.12 u moym^/s) followed by S14 and S22. The lowest CO 2 
assimilation rate was observed in the month of June and least values were record«l 
in K8 (3.54 u mol/mVs). In general the rate of photosynAesis (PN) was highest in 
rainy season, followed by autumn, dailined in "winter months and reached minimum 
in summer months in all the varieties. Over all the rate of photosynthesis was highest 
in variety S24 and the lowest in K8 throu^out the growth period. The varietal 
differences were statistically significant (P>0.05). 


c) Transpiration-. Rate of transpiration (TR) in all the five varieties during different 
months of the year is shown in figure 4.1.12. Transpiration rate was found to be 
highest during July - October and May - June. In May, S14 and K8 exhibited its 
maximum water loss than the other varieties whereas minimum rate was recorded in 
S24 (Table 4.1.2). The steep fall in the rate of transpiration was recorded in vrinter 
months which again increased in February - March with increase in temperature in 
all the varieties. 


Table 4.1.2 Analysis of variance of transpiration in L. /ewcocep/w/a varieties in different months. 


Variables 

Degree of freedom 

Sum of square 

Mean sum of square 

F value 

Varieties (V) 

4 

26.552 

6.638 

1.918 NS 

Months (M) 

11 

868.61 

78.964 

22.814*** 

VXM 

44 

193.48 

4.397 

1.270 NS 

Error 

60 

207.67 

3.461 . 



*** Significant at 0.1% level, NS - Non significant 


d) Stomatal conductance : The behaviour of all the varieties with respect to the rate 
of stomatal conductance (CS) is given in the figure 4.1.13. Stomatal conductance is 
found to be highest in the month of October and lowest in the month of June in all 
the varieties. Maximum stomatal conductance was recorded in S24 and minimum 
in S 10 while other two varieties (SI 4 and K8) were at par. 





















TR(m.mole.H20/m2/s) PN (umol.C02/ni /s) 
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Fig. 4.1.11 : Rate of photosynthesis in Leucaena 
leucocephata varieties during different monttis. 
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Fig. 4.1.12 : Rate of transpiration in Leucaena 
leucocephala varieties during different months, 
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Fig. 4.13: Stomatal conductance in L leucoc^phala varieties 
during different monttis. 


e) Intercellular CO 2 concentration : The intercellular COj concentration in all the 
five varieties is shown in table 4.1.3. No definite trend was observed in intercellular 
CO 2 concentration with respect to months and varieties. However on an average the 
highest intercellular COj concentration was recorded in August, February and June 
differently in different varieties. On an average of twelve months, all the varieties 
were at par with respect to their intercellular CO 2 concentration. 

j) Water use Efficiency (PN/TR ratio) : The ratio between photosynthesis and 
transpiration is given in table 4.1.4. The ratio of photosynthesis and transpiration 
(PN/TR) indicates water use efficiency which was found to be highest in the month 
of December in S24, S14 and K8 and in January in S22 and SIO. The lowest value 
of PN/TR was recorded in June in all the varieties. Overall S24 and K8 indicates 
their higher water use efficiency followed by SIO and S22 while minimum value 
was observed in SI 4. Interaction between varieties was non significant while in the 
month it was significant 
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Table 4.1.3 : Intercellute COj concentration in L leucocephaia varieties during different months. 


Month 


VARIETY 


SI4 


July 

254.00 

231.00 

238.00 

236.00 

246.00 

241.00 

August 

241.39 

239.01 

263.43 

263.40 

273.02 

256.05 

September 

234.81 

237.28 

252.65 

239.78 

279.85 

248.87 

October 

224.95 

223.40 

220.73 

237.00 

238.97 

229.09 

November 

231.55 

215.50 

221.28 

226.15 

215.08 

221.91 

December 

228.53 

232.84 

222.52 

240.88 

232.83 

231.59 

January 

256.50 

231.00 

234.(K) 

236.00 

247.00 

240.90 

February 

257.27 1 

261.74 

248.83 

264.07 

272.34 

260.87 

March 

224.89 

231.89 

239.15 

230.73 

235.25 

232.38 

April 

207.64 

219.84 

222.59 

243.79 i 

211.58 

221.08 

May 

231.13 

177.57 

225.90 

254.58 

211.94 

220.22 

June 

253.22 

254.55 

259.99 

259.90 • 

298.98 

265.33 

Mean 

237.15 

211.31 

237.42 

244.36 

246.90 

239.09 



g) Carboxylation Efficiency (PN/CINT) : Carboxylation efficiency (PN/CINT) in 
all the five varieties is given in table 4.1.5. The carboxylation efficiency in all the 
varieties increased with growth up to October and then decreased sequentially up to 


Table 4.1.4 : Water use efficiency (PN/TR) in L. leucocephala varieties during different months. 


Month 

VARIETY 

Mean 


S24 

S22 

S14 

SIO 

K8 


July 

1.36 

1.08 

0.94 

1.665 

0.945 

1.198 

August 

2.10 

1.605 

1.17 

1.85 

1.27 

1.60 

September 

1.555 

1.675 

1.56 

1.70 

2.375 

1.773 

October 

1.77 

1.955 

1.665 

0.935 

1.595 

1.584 

November 

1.625 

2.03 

1.85 

2.29 

1.795 

1.918 

December 

2.485 

2.29 

2.50 

2.56 

2.385 

2.444 

January 

1.855 

2.46 

2.05 

3.03 

2.12 

2.303 

February 

1.465 

1.39 

1.59 

1.52 

1.87 

1.567 

March 

1.775 

1.44 

1.68 

1.44 

1.905 

1.648 

April 

1.655 

0.955 

1.005 

0.76 

1.420 

1.159 

May 

0.825 

0.895 

0.80 

0.75 

0.915 

0.837 

June 

0.630 

0.325 

0.310 

0.465 

0.405 

0.427 

Mean 

1.592 

1.508 

1.427 

1.58 

1.583 

1.54 


GD at 5% level; Variety - NS, Months - 0.2498, Interaction - 6.55^ 



































































































































































Eatiy Potential Growtt) and Phy^ctogy 


a 


c 


February. This efficiency again enharced up during March- April and finally slow 
down and reaches at minimum level in June. Overall higher cm’boxylation 
efficiency was observed in S24 while other varieties remained at par. Varieties and 
months were found statistically significant while interaction was non-sigriificant. 

4.1.3 Biomass Accumulation 


a) Fresh Weight : Total fresh weight production per plant starting from germination 
till one year of growth in all varieties is shown in figure 4. 1 . 14. The fresh weight per 
plant increased with age in all varieties. At the seedling stage with one month of 
growth variety K8 showed maximum fresh weight followed by S24 and S22 whereas 
after two months of growth variety S24 had higher ffedi weight (10.52 g). S24 
produced even higher fresh weight at 210 days of growth than other varieties but 


Table 4.1.5 : Carboxylation efficiency (PN/CINT) in L. /eMCocep/w/a varieties driring different 
months. 


Month 

VARIETY 

Mean 


S24 

S22 

S14 

SIO 

K8 


July 

0.051 

0.051 

0.052 

0.060 

0.051 

0.053 

August 

0.064 

0.069 

0.061 

0.056 

0.077 

0.069 

September 

0.079 

0.073 

0.061' 

0.056 

0.054 

0.059 

October 

0.124 

0.104 

0.104 

0.095 

0.105 

0.106 

November 

0.056 

0.056 

0.054 

0.050 

0.067 

0.056 

December 

0.068 

0.046 

0.051 

0.053 

0.049 

0.053 

January 

0.053 

0.050 

0.051 

0.060 

0.053 

0.053 

February 

0.039 

0.025 

0.038 

0.034 

0.038 

0.034 

March 

0.060 

0.064 

0.051 

0.050 

0.045 

0.054 

April 

0.059 

0.045 

0.044 

0.043 

0.044 

0.047 

May 

0.025 

0.039 

0.035 

0.038 

0.030 

0.033 

June 

0.021 

0.015 

0.015 

0.017 

0.012 

0.016 

Mean 

0.058 

0.053 

0.051 

0.054 

0.052 

0.053 


CD at 5% level ; Variety - 0.OO45, Months - 0.()0699, Interaction - NS 


afterwards K8 accumulated the maximum fresh weight. Maximum fresh weight 
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(353.07 g) was recorded in K8 and variety S14 has mimmum total fresh weight 
(280.87 g). The decrease in total biomass in S24 and S{4 in summer months 
occurred due to lower foliage production in these species. 

b) Dry Weight : Total biomass production per plant in terms of dry weight starting 
from germination till one year of ^e is shown in figure 4.1.15. The total dry weight 
was found to increase with the age of plants in all the varieties. In one month of 
growth K8 and S24 had maximum accumulation of dry matter and variety S14 had 
minimum dry weight. After one year of growth, variety K8 accumulated highest dry 
matter followed by SIO and S24, while other two varieties S22 and S14 were at par 
(Table 4.1.6). However, variety S24 showed its higher biomass accumulation during 
the growing season upto 180 days of growth than the other varieties. At the end of 
one year of growth K8, SIO, S24, S22 and S14 produced 178.88, 159.59, 152.08, 
145.34 and 142.36 g of dry matter per plant. The data were statistically significant. 

Table 4.1.6 ; Analysis of variance of total dry wei^t of L. leucocephala varieties in differ^t 
months. 



Degree of freedom 

Sum of square 

Mean sum of square 



4 

2894.73 

723.682 

9.249*** 

Months (M) 

11 

499629.19 

45420.84 

y^jjggiyil 

jQiQimii 

44 

8545.52 

194.22 



120 

9389.41 

78.25 



***Significant ait 0.1% level, N$-Non significant 


c) Relative Growth Rate (RGR) : Relative growth rate in term of dry matter 
accumulation per tmit of dry matter in all the five varieties is given in figure 4.1 .16. 
In general all the species have shown two peaks of relative growth rate, one between 
July to November and another between April to May. Maximum seedling growth rate 
was recorded during early seedling stage and minimum in winter months which 
ceases during February to April. All varieties maintained almost similar pattern of 
relative growth rate. However, in summer months variety S24, SIO and K8 have 
higher relative growth rate as compared to other varieties tested. 

















Fmsh weight (g/plant) 
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Fig. 4.114 : Total fresh weight produced in Leucaena 
leucocephala varieties during different rrronths. 


Days after germination 

Fig. 4.1.15 : Total dry weight produced in Leucaena 
fei/cocep/ja/a varieties during different months. 
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Fig. 4.116 : Relative growth rate (RGR) in Leuoaena 
leucocephala varieties during the year. 


d) Partitioning of Dry Matter : The distribution of dry matter in individual plant 
parts in all the varieties is given in figure 4.1.17 (A, B, C) and 4.1.18 (A, B, C). The 
dry matter accumulation was maximum in stem and minimum in nodules and pods 
in all the five varieties. The dry weight of l^ves was highest at seedling stage in 
July. In November there was a slight increase in leaf dry weight in almost all 
varieties and again from December decreasing trend was observed. Maximum 
accumulation of dry matter in ^em was recorded in the month of August, September 
and June in all the varieties. Dry matter partitioning to root was found to increase 
upto 270 days of growth i.e., in March whereas the allocation of biomass remains 
in equal amoimt in stem during this period in all the varieties. The maximum dry 
matter partitioning in stem and leaves was recorded at early seedling growth stage 
(July to October) and at the later stage of growth during May- June the partitioning 
of biomass was towards root. In nodules dry matter partitioning was observed 
maximum between August-November in all the varieties than other months. The 
parti tin ning of dry matter accumulation increases in May, June with the formation 
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Fig. 4.1.17 : Biomass allocation in different plant parts of Leucaena Jeucocephala varieties. 
(A= S24, B- S22, C= S14) 
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Fig, 4.1.18 : Biomass allocation in different plant parts of Leucaena leucocephala varieties. 
' (A= $10, B= K8, C= Varieties at 12 months) 
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of pods, the partitiomng of dry matter to ^em was more in S24 and S22 followed 
by K8 and SIO as compared to S14 (Fig. 4.1.17 (A, B, C) and 4.1.18 (A, B, C). 

ej Root / Shoot Ratio : The partitioning of dry matter in underground and above 
ground parts has been given in terms of root ; shoot ratio for dry matter distribution. 
(Fig. 4.1.19). It is apparent from the graph ttot maximum dry matter accumulation 
was in underground part from 120 days of germination upto 300 days. In April - 
May there was decline in tihe dry matter accumulation in the underground parts. On 
an average K8 accumulated maximum dry matter to the root than shoot followed by 
SIO after 270 days of growth whereas in other varieties shoot accumulated more 
biomass; 

Leaf Area : The production of leaves with respect to area in all the varieties is 
shown in figure 4.1.20. It is apparent from the figure that the leaf area increases 
gradually with the age of plant upto November and then decreased slightly during 
December in S22, S14 and SIO which may be due to leaf fall in these varieties. 
However, the leaf area production again rises up in these varieties and reached at 
maximum value in February i.e., 270 days of plant growth. On the other side in K8 
and S22 leaf area continuously increased upto January and then decreased in 
February and again increased in March. All varieties had shown maximum leaf area 
in between 180 - 210 days (December - January). Overall variety S14 showed 
highest leaf area (Fig. 4.1.20) followed by SIO and S24 during file first year of 
growing season whereas lowest leaf area was recorded in K8. In April there was 
sharp fall in leaf area which occurred due to leaf fall in this monllis in all the 
varieties. The leaf area increases in the months of May - June as the leaf flush 
started in these varieties. 

g) Specific Leaf weight : The specific leaf weight (SLW) which represents the 
average leaf dry weight per unit leaf area of all the varieties is given in figure 4.1.21. 
On an average the specific leaf weight increased upto December with the growth of 
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Fig. 4.1 .19 ; Root / shoot ratio In Leucaena leucocephala 
varieties during diferent months. 
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plants in all the varieties and then decrra^ ^larply and reached at minimum level 
in February - March. All the varieties again achieved higher SLW in summer 
months. In the winter growth stage during December - January all the selections 
showed maximum SLW than K8. 

h) Specific Leaf Area ; Specific leaf area (SLA) which represents unit leaf area 
per leaf dry weight is given in figure 4.1.22. Specific leaf area was observed 
maximum at early seedling growth and minimum at foil leaf growth in the month of 
December. The increasing SLA was also recorded from January to March which 
again fell down in April. However, no definite trend was seen with respect to varietal 
difference in their characters. 

i) Leaf Weight Ratio : Leaf weight ratio (LWR) represents the fraction of the total 
dry weight to be present in leaf and is shown in figure 4.1.23. The leaf weight ratio 
decreased upto 120 days of growth (October) which again increased in between (120 
- 150 days) i.e., October - November. After attaining full leaf growth, the 
partitioning of biomass to leaf decreased and by which the LWR gradually decreased 
and reached at minimum level in summer months. Over all the selections were 
having high LWR as compared to K8. This fall in leaf weight ratio indicates the 
decrease in dry weight partitioning in the leaves with increasing plant age. 

j) Leaf Area Ratio : The leaf area ratio (LAR) which is a ratio of leaf area and total 
dry weight is basically a morphological index of the proportion of the assimilatory 
surface to the total dry matter. Leaf area ratio of all the five varieties from 
germination to one year of growth is given in figure 4.1.24. Leaf area ratio was 
maximum at the seedling stage which gradually falls down and reached at minimum 
value in the month of December. The sharp rise in leaf area ratio was again noticed 
in February - March in all the varieties. The decrease in leaf area exhibits that the 
respiratory mass is increasing more than the assimilatory surface area. 
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Fig. 4.1.21 ; leaf weight in Leucmna 

leucocephata varieties during the year 
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Fig. 4, 1 .23 : Leaf weight ratio in Let/caena leumcephala 
varieties dyring different montiis. 
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Fig. 4.1.24 : leaf area ratio in Leucaena leucocephala 
varieties during different mentis. 
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4.1.4 Photosynthetic Pigments 

Seasonal variations in photosynthetic pigments (chi a, chi b, chi a + b and 

chi a : b) were estimated in all the five varieties of Leucaena leucocephala and 
presented in table 4.1.7. In general all the varieties accumulated maximum 
chlorophyll a and b during seedling stage in September and December and minimum 
in June. Similarly total chlorophyll and chlorophyll a ; b ratio was foimd to be 
maximum during seedling stage upto September vriiich decreases as leaf become 
older in March. The accumulation of chlorophyll slightly increa^ in some varieties 
which may be due to emergence of new leaves during this period. Overali the 
selections showed higher photosynthetic efficiency as indicated by their higher chi 
a : b ratio than K8. Variety, season and their interactions were found to be 
significant (P>0.05) in case of chi a and chi b while chi a ; b was significant at 
seasonal level. 

Accumulation of carotene content was estimated in all the seasons (Table 
4.1.8). On an average the lowest carotene was estimated in S22 and the highest in 
SIO. Carotene content was statistically significant with respect to variety, season and 
in their interactions. 

4.1.5 Nitrate Reductase Activity 

Nitrate reductase activity (NRA) in the leaves of all the five varieties were 
studied seasonally and is presented in table 4.1.9. The NRA activity increased with 
growth of seedlings and reached at its maximum level upto March. The lowest NRA 
was estimated in summer months (June) in all the varieties. The maximum value of 
NRA was observed in S14 (1237.27 m u mol NOj/g F wt/hr) during March. 
However, on an average all the selections were at par with respect to their NRA. 
Seasonal influence was found statistically significant. 
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Table 4. 1 .7 : Chlorophyll a and b content in L leucocephala varieties dining different seasms. 



Month 


a 


b 


a+b 


a:b 


a 


b 


a+b 


a:b 



S24 

S22 

0.498 

0.474 

0.158 

0.131 

0.656 

0.605 

3.125 

3.618 

0.622 

0.578 

0.251 

0.229 

0.873 

0.807 

2.478 

2.524 

1 0.529 

0.329 

0.236 

0.105 

0.765 

0.424 

2.750 

3.410 

0.448 

0.444 

0.19 

0.148 

0.638 

0.592 

3.0 

3.0 

0.524 

0.456 

0.246 

0.153 

0.733 

0.607 

2.838 

3.140 


VARIETY 


SI4 


0.863 


0.242 


1.105 


3.566 


0.603 


0.227 


0.83 


2.656 


0.523 


0.143 


0.663 


3.700 


0.401 


0.135 


0.535 


2.97 



SIO 


0.888 


0.293 


1.192 


3.594 


0.72 


0.278 


1.021 


2.589 


0.427 


0.102 


0.529 


4.500 


0.498 


0.175 


0.673 


2.845 


0.633 

0.212 

0.854 

3.380 



0.642 


0.250 


0.891 


2.568 


0.385 


0.165 


0.55 


2.33 


0.497 


0.193 


0.69 


2.575 


0.709 


0.210 


0.922 


3.500 


0.633 


0.247 


0.884 


2.563 


0.439 


0.150 


0.586 


3.340 


0.458 


0.168 


0.665 


2.880 




Table 4.1.8: Carotene content in Lleucocephala wmeties during different months of the season. 
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Table 4.1.9 : Nitrate reductase activity (m u mol NO^g F wt/hc} ia Llmtcoceph^a vartoies {biring 


different seasons. 



September 332.75 246.53 225.12 318.865 509.84 326.622 

December 842.02 839.12 786.455 777.78 922.45 833.566 

March 997.665 1197.91 1237.27 H01.85 1117.48 1130.436 

June 229.75 212.965 233.22 219.33 276.625 234.378 

Mean 600.548 624.133 620.516 604.456 706.60 631.251 

:D at 5% level : Variety - NS, Months - 252.81, -Interaction - NS * 


4.1.6 Carbohydrate Content 

a) Sugar Content : Seasonal variation in the sugar content in different parts of all 
the varieties is given in table 4.1.10. The accumulation of sugar content in leaves 
increased with the growth of the leaves up to March in all the varieties. Although no 
significant difference was observed among the varieties in sugar content in leaves but 
slightly higher sugar content was estimated in SIO. Seasonal effects on sugar 
accumulation in leaves were more prominent as indicated by level of significance at 
P>0.05. 

The maximum accumulation of sugar content in stem with respect to season 
was found in varieties SIO and S14 while S22, and S24 were at par and the 
minimum content was in variety K8. The sugar content in stem increased with age 
of the plant and reached maximum level after 180 days of growth (December) and 
maintained its higher level up to March which then declined in the summer months. 
Season and interactions of the varieties and season were statistically significant. 
Maximum sugar content in roots was found in variety S24 followed by S22, S14 SIO 
and minimum was in K8. 

Similar to leaf and stems the sugar accumulation in roots increased with 
growth of roots and maximum level was estimated in December to March. In 
summer months the roots maintained higher level of sugar content while it was at its 
minimum during the growing season in the month of July to September. Role of 
variety and season were found statistically significant (P>0.05). 
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b) Starch Content ; The starch content in leaves inai^ed wifli growth of leaves 
and maximum content was estimated in March whereas minimum at early seedling 
stage (Table 4.1.1 1). However, the starch content in Iraves was equal in December 
and June. The maximum starch content in leaves was found in variety K8 and SIO 
while it was at par in the other varieties. In stem and roots tl» starch accumulation 
increased continuously with increase in growth and reached at its maximum level in 
summer months. The maximum starch content in stem and roots was recorded in 
S24, S22 and S14. Where as it was at equal level in SIO and K8. Seasons and its 
interactions with variety were analyzed ^stically significant. 

4.1.7 Crude Protein Content 

Seasonal variation in the crude protein content in different parts of all the 
varieties are presented in table 4.1.12. In the beginning the accumulation of crude 
protein was maximum which decreased upto the March in all the varieties. Although 
no significant variation was observed for crude protein content between different 
varieties but the leaves of S14 had maximum crude protein content. The 
accumulation of crude protein in the stem was foimd to increase with the age of the 
plant. The maximum value has been obtained in S24 and minimum in K8. Variety 
wise variations were not found to be significant. The accumulation of crude protein 
in roots increased in the beginning but showed decline in March and again increase 
in Jxme. Maximum value was obtained in variety K8. 

4.1.8 Discussion 

The growth behaviour of all the five varieties of Leucaena leucocephala 
during first year of growth indicates that maximum growth in terms of the height 
increment was from July to October. The spurt in the rates of relative 
extensiongrowth was found to be highest at seedling stage (betw^n July-November) 
in all the varieties and again from March to May (Table 4.1.13). However, the 
magnitude of relative growth rate was very low at the later stage of growth. The 
cessation of growth of relative growth in all the varieties occurred during winter 
months as exhibited by lower REG. 
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Table 4.1.10 : Sugar percentage in plant parts of Llemocephala Anting diRerent months. 


Month 

Plant part 

VARIETY 1 

Mean 



S24 

S22 

S14 

S)0 

ICS 


September 

Leaf 

4.5 

5.15 

4.87 

5.40 

5.15 

5.014 


Stem 

8.2 

6.75 

7.85 

7.35 

7.20 

7.47 


Root 

4.85 

4.90 

4.975 

5.15 

4.85 

4.941 

December 

Leaf 

5.55 

5.65 

5.10 

5.45 


5.47 


Stem 

7.60 

8.85 

8.75 

9.05 

8.35 

8.52 


Root 

6.80 

6.65 

6.90 

6.35 

6.35 

6.61 

March 

Leaf 

6.75 

6.40 

6.55 

6.975 

6.75 

6.685 


Stem 

8.25 

8.45 

8.15 

8.20 

7.70 

8.15 


Root 

7.10 

6.96 

6.77 

6.70 

6.55 

6.82 ! 

June 

Leaf 

5.95 

5.51 

5.27 

5.465 

5.55 

5.549 


Stem 

7.35 

7.45 

7.60 

7.55 

7.55 

7.50 


Root 

7.275 

7.15 

7.03 

7.00 

7.04 

7.099 

Mean 

Leaf 

5.688 

5.678 

5.448 

5.823 

5.763 

5.68 


Stem 

7.85 

7.875 

8.088 

8.038 

7.700 

7.91 


Root 

6.506 

6.41 

6.42 

6.30 

6.19 

6.367 


EeaT Stem Root 

CD at 5% level Variety NS NS 0.204 


Months 0.0369 0.34 0.182 

Interaction NS 0.759 NS 

The phenometry of Leucaem varieties clearly indicates two maximum recurrent 
growth flushes in the one year of growth keeping in view the relationship between 
maxim uT n and minimum air temperature and plant height. It was observed that 
plant height is positively correlated with maximum air temperature and negatively 
with minimum air temperature (Table 4.1.13) . 

The magnitudes of dependence of plant height increment on the air 
temperature were slightly linear as indicated by the values of correlation coefficient. 
However it is apparent that maximum air temperature favours the growth of all the 
varieties. On an average, extension growth was found to be maximum in SIO (0.5 
cm day) and lowest in variety K8 (0.48 cm/day) whereas the extension growth was 
equal (0.49 cm/day) in S24, S22 and S14. A total magnitude of plant height growth 
during the annual growth cycle seems to be strongly dependent on leaf number 
and leaf area as it is evident from the correlation values. This higher correlation 
between leaf area and extension growth was also reported by various workers (EL 


Sharkaway et al. 1965, Duncan and Hesketh 1968 and Hanson 1972). 
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Table 4. 1. 1 1 : Starch accumulaticwi (%) in ptet pMts of Llemocepheda during different months. 


Month 

Plant part 

VARIETY 1 




S24 

S22 

S14 

mm\ 

kg 


September 

Leaf 

5.4 

5.7 

5.56 

5.9 

5.8 

5.67 


Stem 

5.45 

5.37 

5.15 

5.41 

mam 

5.36 


Root 

5.05 

5.1 

5.13 

5.25 

5.32 

omiiii 

December 

Leaf 

6.3 

6.2 

6.57 

6.45 

6.11 

6.33 


Stem 

6.4 

6.75 

7.4 

6.5 

6.45 

6.7 


Root 

7.05 

7.10 

7.35 

6.85 

6.45 

6.96 

March 

Leaf 

7.15 

6.9 

6.7 

mjmm 

7.25 

7.00 


Stem 

7.4 

7.45 

7.4 

7.15 

7.26 

7.33 


Root 

7.45 

7.1 

6.98 

6.9 

6.75 

7.04 

June 

Leaf 

6.1 

6.26 

6.5 

6.40 

6.65 

6.38 


Stem 

7.7 

7.55 

7.03 

7.25 

7.17 

7.34 


Root 

Qlllllll 

7.3 

7.43 

7.25 

7.7 

7.41 

Mean 

Leaf 

6.24 

6.26 

6.33 

6.448 

6.45 

6.34 


Stem 

6.74 

6.78 

6.74 

6.58 

6.58 

6.68 ' 


Root 

6.74 

6.65 

6.72 

6.56 

6.563 

6.64 



“Till 

Stem 

Root 

Variety 

NS 

NS 

NS 

Months 

0.246 

0.213 

0.223 

Interaction 

NS 

0.477 

0.499 


The radial growth in terms of basal stem diameter showed peak growth in 
the month of November and again during January to March. On an average the 
growth of stem diameter of K8 and S24 exceeds to those of SIO and S14 (Table 
4.1.4). Variety S22 showed 5.1 cm comparatively highest radial growth than other 
varieties. Similar to the plant height, the radial growth is positively correlated with 
mavimnm air temperature and negative with minimum air temperature (Table 
4.1.14). 

The radial growth of all the varieties is positively correlated with plant 
height, leaf number and leaf area and as well as root elongation. These results are 
similar to the findings of Bhatt (1990). It has been reported by various workers that 
the radial growth is influences by light intensity, temperature, water supply and soil 
fertility (Kozlowski 1971, Kramer and Kodowski 1960). Thus from wood 
production point of view S24, S22 and K8 are superior than S14 and SIO (Table 
4.1.13). 
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Table 4.1.12 : Cnide protein content in Lemmm lemmepfml&vmUtm during difFei^nt 


Month 


VARIETY 



Parts 

S24 

S22 

S14 

SIO 

K8 

Leaf 

23.58 

21.9 

24.16 

23.0 

26.72 

23.87 

Stem 

6.68 

6.89 

8.77 

5.69 

5.91 

6.79 

Root 

10.14 

8.66 

6.03 

8.33 

9.71 

8.63 

leaf 

22.33 

21.79 

28.1 

22.91 

25.16 

24.06 

Stem 

6.57 

7.02 

7.77 

11.29 

5.43 

8.93 

Root 

13.99 

11.68 

11.67 

11.85 

12.21 

12.28 

Root 

16.63 

16.86 

18.04 

17.29 

17.07 

17.18 

Stem 

10.83 

7.37 

8.43 

6.75 

7.88 

8.25 

Root 

11.07 

9.69 

10.46 

9.45 

11,07 

10.35 

Leaf 

20.89 

19.59 ^ 

24.78 

22.76 : 

20.93 

21.79 

Stem 

15.8 

12.78 

12.74 

9.6 

11.56 

12.5 

Root 

13.57 

11.91 

12.76 

16.16 

15.52 

11.98 

Leaf 

20.86 

20.04 

23.77 

21.49 

22.47 

21.73 

Stern 

9.97 

8.52 

9.43 

8.33 

7.70 

9.12 

Root 

12.19 

10.49 

10.23 

11.45 

12.29 

10.81 



Table 4.1.13 : Average plant productivity per day in Leucaena /ei^ocepAa/a varieties. 


Characters 

VARIETY 1 


S24 

S22 

S14 

SIO 

K8 

Plant height (cm/day) 

0.49 

0.49 

0.49 

0.50 

0.48 

Stem diameter (mm/day) 

0.62 

0.67 

0.60 

0.56 

0.67 

Root length (cm/day) 

0.20 

0.19 

0.20 

1 0.19 

0.23 

Leaf number / day 

0.15 

0.18 

0.15 

0.14 

0.13 

Total dry weight (g/day) 

0.42 

0.40 

0.39 

0.44 

0.50 

RGR (mg/g/day) 

18.36 

16.58 

19.17 

18.96 

16.39 

PN (mg/mVday) 

25128.6 

22163.04 

22657.56 

20281.56 

21783.12 

TR (mmole/mVday) 

372816.0 

365472.0 

397094.0 

336096.0 

384912.0 




































































































































Temperature 

/PAR 


Maximum 

temperature 


Minimum 

temperature 



Characters 

VARIETY 


S24 

S22 

SI4 

SHII 

K8 

Plant height 

0.2717 

0.1811 

0.1520 

0.2156 

0.1166 

Dry wei^t 

0.4857 

0.4841 

0.4427 

0.3097 

0.5528 

Diameter 

0.2692 

0.1086 

0.3176 

0.1983 

0.2267 

Leaf Number 

0.1640 

0.2356 

0.1039 

0.0487 

0.1163 

Leaf area 

- 0.0(X)2 

-0.1633 

- 0.03003 

-0.1810 

-0.1367 

REG 

0.02148 

0.0240 

-0.0320 

0.0042 

-0.0107 

RGR 

0.1012 

0.1463 

0.0020 

0.0467 

0.0277 

Plant height 

-0.1117 

-0.1884 

- 0.2107 

-0.1494 

-0.2691 

Dry weight 

0.2053 

0.2259 

0.1915 

0.1655 

0.2724 

Diameter 

- 0.0683 

- 0.2367 

- 0.0304 

- 0.1617 

- 0.0986 

Leaf Number 

- 0.1857 

- 0.0983 

-0.1722 

-0.2918 

-0.2348 

Leaf area 

- 0.3494 

-0.0779 

-0.4975 

- 0.4440 

-0.4210 

REG 

0.3391 

0.3240 

0.3624 

0.35004 

0.3441 

RGR 

0.2024 

0.2429 • 

0.2478 

0.2396 

0.2240 

Plant height 

0.1122 

0.3102 

0.3718 

0.0602 

-0.0632 

Dry weight 

0.23045 

0.3791 

0.3662 

0.2596 

0.3404 

Diameter 

0.2454 

0.2693 

0.2849 

0.1707 

0.1226 

Leaf number 

-0.06561 

-0.1052 

0.4061 

0.0650 

0.1011 

Leaf area 

-0.0559 

-0.0769 

-0.3229 

-0.1666 

-0.0301 

REG 

-0.0306 

-0.0523 

-0.0590 

0.1189 

0.3782 

RGR 

0.03926 

0.1629 

0.1743 

0.05004 

0.0686 


The maximum elongation of roots in annual growth cycle was fotmd in K8 
followed by S14 while S24 and SIO were equal in root elongation. The root growth 
of all the varieties of Leucaena leucocephala synchronized with the shoot elongation 
as is apparent from the extension growth curves of plant height and root length. The 
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root length was found to show positive correlation with maxiinuni air temperature 
(Table 4.1.14). This trend can be related to the limitwl root growth during siimm«ar 
months (Fernandez and Caldwell 1975, Jorden and Nobel 1984). Root length was 
also found to be strongly correlated with plant height, diameter and number of 
leaves. These results are confirmatory to the findings of Vandana (1996) in S. 
Sesban and S. grandiflora. 

The nodule production with respect to their number was found to increase 
with the growth of plants in all varieties up to December- January and then decreased 
in February due to onset of dormancy. It is ^parent that nodule production was 
lowest during winter season and as the temperature rises tiieir production increases. 
This shows the dependency of nodule production on seasonal growth of plants. 

The leaf turnover rate (the number of leaves produced per day) is the key 
of fodder production in a plant variety. On an average maximum leaf production per 
day was found in variety S22 (Fig. 4.1.13) and minimum in variety K8 while other 
varieties were at par in their leaf production. The leaf number was found to be 
positively correlated with the maximum air temperature and negative with minimum 
air temperature (Table 4.1.14) indicating its dependence on seasonal temperature and 
this is the reason of low production of leaves during ivinter season (Harper 1989). 
The number of leaves were found to increase with the age of plant or with the 
shoot elongation as was reported by (Longman and Jenik 1974). The leaf number 
is strongly correlated with all the morphological characters supporting its 
contribution in overall productivity of plant (Table 4.1.17 a,b,c,d,e). The higher leaf 
turnover rate in S22, S24, and S14 indicates their higher fodder production then 
SIO and K8. The number of pinnae was also found to increase up to November 
and as the temperature fell the number of pinnae remained constant. The maximum 
production of pinnae per leaf was in S24 and S14 indicating their higher forage 
biomass production potential as compared to other varieties. 

The production of branches in all the varieties were found to increase with 
the growth of plants and reached at highest number in March. The decrease occurred 
due to senescence of branches at this stage of growth in Leucaena leucocephala 
varieties. The production of branches again occurred with their growth flush in May- 
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Jiine. The average branch pnKiuction wm found to be highest in variety ICS which 
led to its higher biomass production as is evident by its strong correlation with plant 
height, diameter, the number of leav^ and biomass production (Table 4.1.17 
a,b,c,d,e). 



Table 4.1.15; Correlation coefficient between dry weight and other growth pmoneters to Leucmm 
leucocephala varieties. 



The rate of photosynthesis (PN) per unit leaf area and time in all varieties 
of Leucaena leucocephala was highest in rainy season and lowest in summer months. 
The decrease in the rate of photosynthesis with increasing age of seedlings may be 
due to age effect on the uptake of COj as reported by Ledig et al. (1977) and Sestak 
(1981). Among all the varieties, maximum rate of CO 2 assimilation was observed 
in S24 indicating its higher photosynthetic efficiency in the semi arid environment. 

The rise in photosynthetic rate during rainy season was accompanied by 
higher stomatal conductance, optimum level of PAR and temperature. The declme 
in PN during summer may be due to high temperature and low relative humidity as 
also reported by (Stain et al. 1976, Bhatt 1989). Rate of photosynthesis is positively 
correlated with stomatal conductance and transpiration which shows 






























































interdependencies of these characters. A weak and n^attve correlation was soialyzi^ 
between photosynthetic rate and dry weight (Table 4.1.16) as was reported by Ledig 
and Perry (1967). A significant and positive correlation between photosyntl^sis and 
relative growth rate is indicating the fact that assiinilation of COjtmd its fixation is 
directly related to the growth rate v^ch finally contributed to tite overall 
productivity of these varieties (Vandana and Bhatt 1996). The process of 
transpiration is important in controlling the leaf temperature was prominent in all 
varieties. The rate of transpiration was maximum in summer when the atmospheric 
and PAR was highest as was reported by Haseba et al. (1967) and Bhatt (1990). The 
decrease in the rate of transpiration in winter months may be due to aging of leaves 
and decrease in temperature and PAR. The lowest rate of water losses during the 
process of transpiration in S24 exhibits its economical water use for sustainability 
of growth in hot summer. The significant correlation of transpiration with 
atmospheric temperature PN and stom^ conductance indicates their 
interrelationships (Table 4.1.16 and Fig. 4.1.25). 

Table 4.1.16; Correlation coefficient between PN and other growfii parameters in Leucaena 
leucocephala varieties. 


I 

The uptake of COj by plants in the process of photosynthesis is directly 
related to the stomatal conductance (CS) (Fig. 4.1.26). Similar to the GO 2 


Characters 

VARIETY 


S24 

S22 

S14 

SIO 

K8 

Dry weight 

-0.6767 

- 0.5933 

- 0.5861 

- 0.7532 

-0.7786 

Plant height 

- 0.5780 

- 0.4845 

- 0.4742 

- 0.7804 

- 0.6584 

Leaf area 

- 0.4714 

- 0.5757 

- 0.4732 

- 0.5361 

-0.6181 

TR 

0.7342 

0.3835 

0.3808 

0.0145 

0.3211 

PN vs CS 

0.4805 

0.3372 

0.2372 

0.1909 

0.6494 

PAR 

- 0.4440 

0.0460 

0.3353 

- 0.1052 I 

- 0.1821 

AT Max. 

- 0.2930 

0.0102 

- 0.1392 

- 0.3992 

- 0.1732 

AT Min. 

- 0.2552 

- 0.0120 

- 0.1761 

- 0.1591 

- 0.0707 

RGR 

0.4131 

0.4439 

0.1424 

0.4765 

0.6039 
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Fig. 4.1.25 : Relationship between photosynthetically active radiation and 
transpiration in Leucaena leucocephala varieties. 
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Fig. 4.1.26 ; Relationship between photosynthesis and stomatal conductance in 
Leucaena leucocephala vantHes. 
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assimilation rate, stomatai conductance was maximum in rainy season and minimum 
in summer months in all the varieties. Howwer, S24 maintained the relatively high 
stomatai conductance for efficient COj assimilation. The stomata! condwtance was 
found to decrease with increasing atmospheric temperature as also reported by Heath 
and Orchard (1957) and Lange et al. (1969). It is found to be positively correlated 
with PN, TR and RGR (Table 4.1.1 6). Intercellular COj concentration has not shown 
any definite trend with respect to seasons and varieties. However, intercellular CO 2 
concentration was low in peak growing months predicting its fast fixation during the 
course of photosynthesis. The water use efficiency ( a ratio of PN/TR). Which is 
intimately associated with the loss of water from the leaves to the atmosphere was 
found to be lowest in summer months may be due to high loss of water vqwur 
through transpiration. The highest water use efficiency in December predicated tlteir 
optimum growth during this period. S24 and K8 maintained higher water use 
efficiency indicating their superiority over other varieties. 

The carboxylation efficiency (a ratio of PN and CINT, Farquhar and 
Sharkey 1982) was highest in rainy season and lowest in summer in all the varieties. 
The maximum carboxylation efficiency of S24 indicates its higher productivity 
potentiality over the other varieties and may be selected as fast and high producing 
variety for semi arid climates. PN/CINT is positively correlated with stomatai 
conductance (CS) and water use efficiency (PN/TR) indicating that these traits are 
important for selecting a plant variety for fast growth and biomass production. 
Photosynthetic rate and PN/CINT ratio are positively correlated as was reported by 
Dejong et al. (1984). The total biomass production in terms of fresh weight and dry 
weight after one year of growth was maximum in variety K8 and minimum in S14 
and other varieties were almost equal in their biomass productivity (Table 4.1.13). 
The maximum biomass accumulation in R8 may have occurred due to the higher 
biomass of branches. One of the interesting point which emerges firom this study 
that variety S24 produced maximum biomass during rainy season which indicates 
its faster growth. 

However, the decrease in biomass accumulation in the later growth stage 
may be due to one or other reasons. Dry matter production was found to be 
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positively and significantly correlated with plant hei^t, stem diameter, leaf number, 
leaf area and root length revealing the simultai^us growth of all the parts (Table 
4.1.15. The strong and positive correlation of dry matter with leaf area indicates 
the dependence of biomass productivity and the aasimilatory surface area (Fig. 
4.1.27). Maximum dry matter production was observed between October to January. 
Relative growth rate (RGR) in terms of dry matter accumulation per unit of dry 
matter showed peakrecurrent growth flushes between July to November. Which may 
be due to the rise in COj assimilation in rainy season accompanied by high stomatal 
conductance, and the optimum air temperature PAR ami relative humidity as was 
reported by Vandana (1996) and Singh et al. (1982). 

However the relative higher RGR in S24, SIO and K8 showed their 
optimum growth in extreme summer temperature. RGR was found to be positively 
correlated with the photosynthetic rate, transpiration, carboxylation efficiency and the 
water use efficiency indicating there by the dependence of growth flushes on these 
parameters (Table 4.1.16). Maximum amount of dry matter partitioning was seen in 
the stem than roots and leaves in almost all the varieties except S14 in which 
maximum biomass partitioned to roots. These findings are similar to those of Singh 
and Yadava (1991), Lodhiyal et al. (1992) and Rana et al. (1989). 

At the early seedling stage the partitioning of biomass was foimd in leaves 
but with the growth of plants, partitioning of biomass was distributed to shoot for 
branch growth. Root / Shoot ratio was found to be higher as the plant matured 
which is usually in summer months when the air temperature was above optimal and 
moisture deficits prevailed as was reported by Fernandez and Caldwell (1975) and 
Jorden and Nobel (1984). Maximum amount of root: shoot ratio was reported in 
variety K8 in the month of April predicting its more biomass allocation to root 
growth. During dormant growth phase in winter months, maximum partitioning was 
observed in roots which is related with the findings of Sah et al. (1994). The high 
root: shoot ratio in winter months indicates tire fact that root and shoot growth did 
not synchronize in Leucaena Zeucocep/ur/a varieties. 
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Fig. 4. 1 .27 : Relationship between leaf area and dry weight in Leucaena 
leucocephala varieties 


It also shows that root / shoot ratio decreased as the soil temperature decreased and 
wetter conditions increased as was reported by Davidson(1969) and Radin and 
Bazlevich (1967). At low temperature photosynthates diverted to roots resulting in 
high root / shoot ratio (Beever and Cooper 1964). 

Leaf area expansion growth was found to be closely related to the seasons. 
It is found to increase continuously as the seedlings grow but falls steeply as the 
leaves fall or senescence occurs in winter and again increases as the leaf flushing 
takes place during May- June. The leaf area was found to be maximum in S 14 and 
minirrmm in K8 whereas other varieties were at par. Leaf area is positively 
correlated with all morphological characters and indicates its contribution to overall 
productivity of plant (Table 4.1 .17 a,b,c,d,e). As the temperature increased the leaf 
area was also found to increase and these results were related to the findings to 
Kozlowski and Clausen (1966). 
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Table 4. 1.17 a: Correlation matrix for diffimiit growth parameters in different varieties of Leucaena 
leucocephala (S24). 


Parameters 

Height 

Diaroeter 

Rcx^ length 

Branches 

Leaves 

,Iky weight 

hmt 

area 

Height 

1.0000 







Diameter 

.97470 

1.00000 






Root 








length 

.96520 

.92542 

l.OOOM 





Branches 

.70815 

.76775 

.75145 

i.otwoo 




Leaves 

.81143 

.74339 

.83008 

.71345 

1.0000 



Dry weight 

.91361 

.92838 

.84033 

.60711 

.63419 

l.OOtXH) 


Leaf area 

.82295 

.83112 

.85456 

.91324 

.8^7 

.70947 

1.0000 

SLW 

.64063 

.50865 

.66645 

.27811 

.69540 

.47544 

.5252 

RGR 

-.8832 

-.85379 

-.%110 

-.80557 

-.8361 

-.74162 

-.8916 

REG 

-.8506 

-.78011 

-.90020 

-.54540 

; -.7833 

-.65321 

-.7041 

R:S 

.53089 

.47(K)2 

.64851 

.58195 

.54823 

1 .24641 

.5946 


SLW RGR REG R:S 


SLW , 1.00000 

RGR -.56106 1.00000 

REG -.60729 .89231 1.00000 

R;S .39972 -.68706 -.59099 1.00000 

Critical value (1-Tail, .05) = + or - .49932 
Critical value (2-tail, .05) = + or - .57400 
N = 12 


Specific leaf weight which represents the average leaf dry weight per unit leaf area is found to 
increase as the growth of seedlings takes place but is found to be related more to the seasonal 
changes than to the age of leaf as also reported by Ledig et al. (1974). All the 
selections were higher in SLW than K8 exhibiting their superiority for higher 
productivity. SLW was found to be maximum in the month of December when the 
temperature was low (Peet et al 1977) or otherwise when leaves attained full 
growth. 

The specific leaf area is considered to be a measure of the environmental 
influence on the leaf area expansion (Evans 1972). Although no definite trend was 
observed among varieties but according to season it was significant. Leaf weight 
ratio gives an idea of the total dry matter allocated to the leaves than other plant 


parts. 
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Table 4. 1 . 17 b: Correlation matrix for different growth parameters in differant varieties of Leucaem 
leucocephala (S22). 


Parameters 

Height 

Diameter 

Root lengdi 

Leaves 

Chy 

weight 

Leaf area 

SLW 

Height 

1.0000 







Diameter 

.99120 

1.00000 






Root 








length 

.98502 

.97896 

1.00000 





Leaves 

.90198 

.91235 

.85290 

1.00000 




Dry weight 

.90334 

.89372 

.88923 

.83346 

1.0000 



Leaf area 

.90915 

.92620 

.89845 

.86347 

.88778 ! 

1.00000 


SLW 

.27573 

.29884 

.26220 

.42646 

.25458 

.15722 

1.0000 

RGR 

-.9388 

-.94835 

-.%903 

-.76598 

-.8028 

-.88165 

-.2389 

REG 

-.8289 

-.82467 

-.78958 

-.74859 

-.5858 

-.78895 

-.0138 

R:S 

.35099 

.37201 

.39499 

.32826 

.01822 

.21202 

.4512 

Branch 

.80796 

.83142 

.83891 

.60114 

.64490 

.80234 

-.0127 



RGR 

REG 

Branch 

R:S 

RGR 

1.0000 




REG 

.79589 

1.0000 



Branch 

-.88518 

-.81725 

1.0000 


R:S 

-.49597 

-.37299 

.31439 

1.0000 

Critical value (1-Tail, .05) = + 

- .49932 


Critical value (2-tail, .05) = + or - .57400 


N= 12 






At seedling stage it was very low and decreased with leaf growth but when leaves 
attain maturity it again decreased due to more partioning of biomass to other plant 
parts. On an average all the selections of Leucaem leucocephala vi&te having 
maximum LWR indicating their higher foliage production potentiality. ITie leaf area 
ratio is an index of leafmess and also an expression of the ratio of assimilatory or 
photosynthetic and non-photosynthetic products. 

At seedling stage the LAR was highest may. be due to high assimilatory 
surface area which then decreased as the respiratory mass increased. However, no 
si gnifi cant difference was observed among the varieties with respect to their leaf 
area ratio. All the varieties of Leucaem leucocephala accumulated more 
photosynthetic pigments (chi, a, chi b, chi a+b and chi a;b) at their maximum in 
rainy season during early seedling growth and again increased from April to Jime. 
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Table 4. 1 . 17 c; Correlaticwi matrix for different growth pmweters in difTerent varieties of Lemmm 
leucocephala (SI 4). 


Parameters 

Height 

Diameter 

Root lengii 

Leaves 

lai 


m 

Height 

1.0000 




■■1 



Diameter 

.94941 

1.0000 






Root 








length 

.97275 

.97567 

1.0000 





Leaves 

.91047 

.91153 

.90013 

1.00(K) 




Dry weight 

.88869 

.96087 

.92316 

.85850 

1.0000 



Leaf area 

.72888 

.62177 

.64118 

.66439 

.51763 

l.OfKMJ 


SLW 

.60739 

.59612 

.63596 

.67916 

.61613 

.07578 

1.0000 

RGR 

-.9098 

-.85382 

-.88297 

-.86491 

-.7599 

-.82170 


REG 

-.9237 

-.83407 

-.87490 

-.80821 

-.6920 

-.77980 


R:S 

.90767 

.88767 

.92991 

.67620 

.81714 

.66166 

.6462 

Branch 

.73619 

.78755 

.72207 

.89210 

.67960 

.70727 

.2091 



RGR 

REG 

Branch 

R:S 

RGR 

1.0000 


■1 


REG 

.92707 

1.0000 



Branch 

-.77766 

-.74452 



R;S 

-.87027 

-.82282 


1.0000 

Critical value (1-Tail, .05) = + or 

- .49932 


Critical value (2-tail, .05) = + or - .57400 


N= 12 






The increase in chlorophyll content in June may have occurred due to the flushing 
of new leaves (Kakati and Yadava, 1990 and Naidu and Swamy, 1996). The 
accumulation of chlorophyll content decreased in autumn and winter seasons with the 
mature leaves. Maximum synthesis of chlorophyll contents was estimated in S24, 
S22, S14 and SIO than K8 exhibiting their higher photosynthetic efficiency. The 
chi a:b indicates the photosynthetic efficiency of plants which decreased with the 
increase of SLW (Bhatt and Sinha 1990). Maximum carotene content was estimated 
in SIO and lowest in S22. Nitrate reductase activity in leaves increased with the 
growth of leaves and reached at higher level at the full mature stage of leaf which 
then subsequently decreased. Similar trend was also reported by Muthuchelian et 
al. (1986). In summer months ttie NRA activity decreased due to higher temperature 
in these months. 
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Table 4.1 .17 d: Correlation matrix for different ^owth parameters in different vaarkstioi of Lem^mna 
leucocephala (SIO). 


Parameters 

Height 

Diameter 

Root lengtti 

Branches 

Leaves 

T<»l£hy 

weight 

leaf 

area 

Height 

1.0000 







Diameter 

.98608 

I.OOOOO 






Root 

1 







length 

.97650 

.96924 

1.00000 





Branches 

.87052 

.89628 

.85437 

1.00000 




Laeves 

.93928 

.95654 

.92298 

.84234 

1.0000 

1.00000 1 


Dry weight 

.91818 

.92080 

.86125 

.78654 

.82649 ! 



Leaf area 

.80370 

.77438 

.85762 

.72130 ^ 

.68514 

.67920 

1.0000 

SLW 

.43027 

.41821 

.45864 

.28182 

.51654 

.38895 

.1104 

RGR 

-.8852 

-.86686 

-.93199 

-.83786 

-.8106 

-.77991 

-.9304 

REG 

-.8574 

-.80780 

-.80685 

-.63486 

-.8288 

-.70561 

-.7233 

R:S 

.55861 

.51939 

.62987 

.64978 

.54389 

.27668 

.7191 



SLW 

RGR 

REG 

SLW 

1.00000 



RGR 

-.33193 

1.00000 


REG 

-.32229 

.70920 

I.OOOOO 

R:S 

.13280 

-.74993 

-.51519 


Critical value (1-Tail, .05) = + or - .49932 
Critical value (2-tail, .05) = + or - .57400 
N=12 


It was also reported by Hauffakar et al. (1970), KanfFaman et al. (1971). In the 
Leucaena leucocephala varieties the NRA activity was estimated upto 1237.27 m u 
mole NOa/g F W./hr. in S14. 

The sugar content was found to increase with the age of plant as was 
reported by Vandana (1996) in species. Season wise variations were 

found to be significant in leaf, stem and roots sugar content while variety wise 
variations were significant in only root. So there was a pronounced effect of 
season on the sugar accumulation. Variety SIO accumulated high sugar content in 
leaves and roots whereas variety S24 accumulated in roots. 

The starch content was also found to increase with the age of plant parts. 
The starch content was low in winter months when the rate of photosynthesis was 
low. Similar findings were reported by Potter (1980) and Naidu and Swami (1996). 
All the varieties were found to be significant with respect to season and variety. 











Early Potential Growtt^ and Physiotogy 


The higher accumulation of carbohydrate (sugar and ^onch) in loc^ in S24 
exhibits its higher regeneration potential because the carbohydr^ may be used 

for the regeneration of coppice and its growth. 


Table 4.1. 17 e; Correlation matrix for different growth parameters in difTeirent varieties of Lemmna 
leticocephala (KB). 


Parameters 


Diameter 


Branches 


Height 

Diameter 

Root 

length 

Branches 

Laeves 

Dry weight 

Leaf area 

SLW 

RGR 

REG 

R:S 


1.0000 

.96822 


59629 

,71376 

.87224 

.83105 

.87586 

.74710 

-.9413 

-.8425 

.57473 


,50887 

,69950 

.88892 

.92401 

.84200 

.75715 

-.88458 

-.76841 

.45691 


1.00000 

.14829 

.48316 

.36729 

.47668 

.60020 

-.49256 

-.52760 

.44889 


1.00000 

.59721 

.52067 

.86520 

29997 

-.86301 

-.63523 

.70649 


1.0000 

.78973 1.00000 

.84706 .65829 

.74487 .67695 

-.8005 -.69522 

-.7058 -.60308 

.58125 .17544 


1.00000 

-.64256 

-.59042 

.25201 


1.00000 

.80742 

-.71679 


1.00000 

-.48294 


1.00000 


Critical value (1-Tail, .05) = -i- or - .49932 
Critical value (2-tail, .05) = -i- or - .57400 






Growth and Production of Plantation 

on Degraded land 

4.2.1 Varietal Characteristics 

The morphological features viz., lengdi of the 3rd leaf, number of pinna per 
leaf, length of pinna, number of pinnule pairs, weight of leaf, number of flowers per 
head, length of pod, maximinn breadth of pod, number of locales, number of 
seeds/pod, weight of seeds and weight of empty pods were studied to characterize 
the varieties (Plate ^). These features are as under: 

Leaf characters 

Leaf length : Maximum leaf length was recorded in SIO (14.5 cm) followed by S22 
and K8 which was equal in leaf length and minimum was in variety S14 (10.8 cm) 
(Table 4.2.1). 

Number of pinna / leaf : The maximum number of pinna were observe in variety 
SIO (17.8) and the minimum was in S24 (12.8) while S22, S14 and K8 were at par. 

Length of pinna : Variety SIO recorded maximum pinna length (7.8 cm) and the 
minimum was in S14 (5.3 cm) while the varieties K8 and S24 had the pirmae of 
same size. 

Number of pinnule pairs : The maximum number of pinnule pairs were observed in 
the variety SIO (17.8) and the minimum in variety S14 (13.6). 

Flower characters 

The m ax i mum number of flowers per head were maximum in K8 (1 03 .3) and 
the minimum in variety S22 (94.9) (Table 4,2.1). 









UEtCC)C*EW!AC..V 


and seeds of different varieties of Leucaem leucocephala. 

A) Closed pods 

B) Open pods 
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Table 4.2.1 ; Morphological attributes (Leaf, flower and mioM^ine %) of Llettcocepfmla varieties. 


Characters 


S24 


VARIETY 


S22 


S14 


SiO 


iC8 


Leaf Characters 


Length (cm) 

12.9 

14.2 

iO.S 


14.2 

No. of piima/leaf 

12.8 

14.4 

14.8 

17.8 

Q9|||[ 

Length of pinna (cm) 

6.6 

6.1 

5.3 

7.8 

6.6 

No. of pinna pairs 

16.4 

15.4 

13.6 

17.8 

15.8 


Flower Characters 


No. of flowers/head 


116.6 


94.9 


119.9 


103.0 


130.3 


Mimosine (%) 


2.9 


3.74 


3.77 


2.92 


3.28 


Pod characters 

The pods have been studied in two seasons i.e., in winter (February) and 
summer (June) (Table 4.2.2). 

Pod length : In winter maximum pod length was observed in variety K8 (20.0 cm) 
and the minimum in variety S24 (14.6 cm) whereas in sunamer the maximum pod 
length was recorded in variety SIO (19.94 cm). Variety S24 continued to produce 
smaller pods. 


Pod breadth ; The maximum pod breadth during winter was found in variety S22 
(2.38 cm) while the minimum was in variety SIO (2,0 cm). Varieties S14 and S24 
have shown the same breadth (2.18 cm) in winters. In summer, maximum breadth 
of pod has been recorded in variety S22 (2.19 cm) followed by SIO and the 
minimum in variety S24 (1.48 cm) while other varieties produced pods of equal 
breadth. « 


Number oflocules per pod : In winter maximum number of locules were observed 
in variety SIO (21.3) while the minimum was in variety S14 (17.4). In summer 
maximum number of locules / pod were found in variety S14 (23.8) and the 
minimum in variety S24 (18.6). 
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Number of seeds /pod : Variety SIO produced maximum number of smls per pod 
(20.30), whereas SI 4 produced the minimum (17.2) during winter season. In 
summer the maximum number of seeds / pod wore observed in variety S14 (22.4) 
while the minimum was in variety K8 (17.5) (Table 4.2.2). 

Weight of seeds per pod : Maximum seed weight was observed in variety SIO and 
minimum in variety K8 in winter season and these varieties also maintained similar 
trend in summer season. 


Seediest weight : maximum seed test weight i.e, 1000 seeds weight was recorded 

Table 4.2.2 ;Pod characters of L lemocephcda during the two seasons 




. VARIETY 

Mean 

CD 


Season 



S14 

SIO 

K8 

Pod length (cm) 

Winter 

14.6 

16.21 

16.75 

18.85 

20.0 

17.3 

1.838 


Summer 

13.5 

17.1 

19.3 

19.94 

17.35 

17.48 

1.3 

Pod breadth (cm) 

Winter 

2.17 

2.38 

2.18 

2.0 

2.38 

2.2 

0.118 


Summer 

1.48 

2.19 

1.99 

2.05 

1.9 

1.93 

0.128 

No. of locules/pod 

Wmter 

18.9 

17.8 

19.0 

22.1 

20.5 

19.66 

2.896 


Summer 

18.6 

21.0 

23.8 

20.9 

19.2 

20.9 

3.04 

No. of seeds/pod 

Winter 

17.8 

16.4 

17.2 

20.3 

18.9 

18.12 

2.915 


Summer 

17.9 

19.1 

22.4 

20.7 

17.8 

19.58 

3.05 

1 

Weight of seeds/pod 

Winter 

0.964 

1.082 

1.008 

1.15 

0.946 

1.03 

NA 


Sununer 

0.542 

1.00 

0.883 

1.028 

0.866 

0.864 

NA 

Weight of pod 

Wmter 

0.90 

1.048 

0.966 

0.992 

1.01 

0.983 

NA 


Summer 

0.723 

0.941 

0.789 

0.829 

0.855 

0.827 

NA 

Test wt. (g / 1000 
seeds) • 

Winter 

5.51 

6.501 

5.895 

5.689 

5.086 

5.737 

NA 


Summer 

4.158 

5.014 

3.971 

5.223 

5.032 

4.679 

0.60 

Seed / pod ratio 

Winter 

1.07 

1.032 

1.043 

1.159 

0.937 

1.048 

NA 

1 ’ 

Summer 

0.749 

1.062 

1.119 

1.24 

1.013 

1.045 

NA 


NA = Not available 


in S22 and SIO in winter and summer seasons respectively. On an average all the 
varieties produced higher seed test weight in winter than seeds produced during 
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summer. 

Seed / pod ratio ; Seed / pod ratio was ol^erved maximum in SIO in winter and 
summer season and minimum in K8 and S24 in in summer and winter respectively. 

Mimosine : Mimosine accumulation in leaves was estimated during the month of 
December at the full leaf growth. The mimosine percentage ranged from 2.9 - 3.77% 
and maximum percentage of mimosine was estimated in variety S14 (3.77%) and 
S22 (3.74%) while the minimum was in variety S24 (2.90%) and SIO (2.92%). 

4.2.2 Growth of Varieties in the Field Plantation 

In earlier studies, Gupta (1989-91) and Pathak and Gupta (1994) studied the 
growth and production of 15 different varieties of L. leucocephala in the field trials. 
Since the same plantation has been used for coppice growth and production study, 
selections S24, S22, S 14, SIO and K8 were selected for the initial growth and data 
are presented in table 4.2.3. 

The mean collar diameter growth was 12.24 cm. On an average the varieties 
gave more collar diameter growth than K8. The peak growth was in SIO (13.3 cm) 
followed by S24 (13.1 cm) while SI 4, S22 and K8 were at par in their collar 
diameter growth (Table 4.2.3). The varietal differences were statistically significant. 

The diameter growth at breast height (dbh) showed its peak (10.1 cm) in SIO 
and the minimum in S22 (8.9 cm). The varieties again gave more dbh growth than 
that of K8 except S22 after five years of plantation growth. There was significant 
variation between the varieties. 

The height growth although was statistically significant, but recorded to be 
same in varieties S24, K8, S14 and SIO. variety S22 attained lower growth as 
compared to other varieties. 

4.2.3 Seasonal Coppice Growth 

The growth attributes (collar diameter, breast height diameter, plant height, 
number of branches, clean bole height and canopy cover) of regenerating plantations 
after the first cycle felling were studied in every season at the gap of three months 
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Table 4.2.3 ; Growth of LJeucocephala 



from March 95 to March 96 (Fig. 4.2.1, 4.2.2 and Plate 3a & b)). The results are as 
under: 


Mean collar diameter growth 

At the end of two years (March 1996), coppice growth of Leucaena 
leucocephala varieties showed maximum mmi collar diameter growth in variety 
S22 (9.6cm) and minimum in variety SIO (8.4cm). It has been observed that 
mavirmim growth in terms of collar diameter took place during rainy season between 
the months of June and September. In all the seasons variety S22 was leading in 
collar diameter growth while SIO had the minimum growth at March 1996 
observation. Earlier to this S14 recorded the minimum diameter. It shows a shift in 
growth rate with the time in varieties. (Fig 4.2.1a). 


If 

If; 


Mean breast height diameter growth 

At the end of two years of coppice growth variety S 22 had maximum growth 
(7.7cm) in terms of dbh while variety S 24 and K 8 were found in equal growth 
(7.5cm). In all the varieties maximum dbh growth occurred in rainy season during 
the months of June to September. Among the selected varieties, variety S 22 showed 
maximum growth in dbh in all the months of growing season (Fig 4.2.1b plate 4). 
































































Plate 5 : Leucaena leucocephala coppice growth at one year (April 1995). 

A) A general view 

B) A close-up view 
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Fig. 4.2.1 : Coppice growth of Leucaena leucocephala during different seasons 
(a= cx)llar diameter, b= dbh, a= Plant height) 
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Tree height growth 

Variety K8 attained maximum growth in terms of plant height (9.2 m) at tite 
end of two years coppice growth while the SIO (8.8 m) had the minimum plant 
height growth. Maximum plant height growth was found to take place in rainy 
season and the minimum during siunmer between the months of December to June 
(Fig 4.2.1c, plate 5 a & b). 

Growth of the clean bole height 

The variety K 8 had maximum height of the clean bole (3.32 m) at the end of 
two years of coppice growth. Minimum clean bole height was found in variety S24 
(2.55 m). Whereas other selections were at par. Maximum clean bole height 
increment was observed in between December to March months while the minimum 
during March to September except in S24 in which different pattern of clean bole 
was recorded (Fig. 4.2.2a). The increment in clean bole height from Deeember to 
March months may be due to fall of lower branches. In the begining in all the 
seasons maximum clean bole height was shown by variety S24 but the minimum was 
in variety K8. 

Number of branches 

Maximum number of branches were observed in variety S22 (55.1/plant) at 
the end of two years of coppice growth followed by K8 while the minimum was 
observed in variety S24. All the varieties had shown maximum number of branches 
in the rainy season (Fig 4.2.2b). There was a fall in number of branches in June and 
December months of the season which may be due to leaf and branch fall because 
of senescence and self pruning habit in this species. 

Growth of canopy cover 

Canopy cover gives an idea about the plants production function and its 
interactions. After two years of coppice growth variety S22 was with maximum 
canopy cover growth (10.4 sqm) and variety K8 had the minimum (6.56 sqm). All 
the varieties responded positively in the rainy season with increase in canopy cover 
growth and showed decline in growth during the summer season from March to June 
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(Fig 4.2.2c). 

4.2.4 Annual Coppice Growth 
Collar diameter growth (CD) 

In the first year of growth maximum collar diameter growttr was attaint by 
variety SIO (5.33cm) followed by S22, S24, K8 and S14. In the second year K8 
showed maximum collar diameter (9.98 cm) followed by S22, SIO, S14 and S 24 
while in the third year S24 was maximum (1 1.96cm) followed by K8 and SIO (Table 
4.2.4). The collar diameter growth mvoss the varieties was foimd to be non 
significant during the years (Table 4.2.5). 

Table 4.2.4 : Annual g-owth of coppice shoots in Levcaem leucocephala plantation. 


Illrd Year Growth 


dbh Height 


Characters 

1st Year Growth 

Hod Year Growth 

Variety 

CD 

(cm) 

dbh 

(cm) 

Hei^ 

(m) 

CD 

im} 


Height 

(m) 

S24 

5.28 

3.55 

6.38 

8.25 

7.03 

9.50 

S22 

5.30 

3.80 

6.84 

9.05 

7.53 

9.20 

S14 

4.88 

3.48 

5.94 

8.43 

6.88 

8.82 

SIO 

5.33 

3.59 

6.54 

9.03 i 

7.13 

9.01 

K8 

5.13 

3.83 

6.24 

9.98 

8.40 

9.41 

Mean 

5.18 

3.65 

6.38 

8.95 

7.39 

9.19 

CD at 5% 

NS 

NS 

0.47 

NS 

0.96 

Ns 


on signiticant, - “ Not a^^ailabie 

Table 4.2.5: Analysis of variance of coppice growth in L /ezfcocepAa/a varieties during the 
second year of coppice growth. 



Characteristics 

Value of CD 


Variety 

Season 

Inimictian 

Colar diameter 

1.208** 

1.351*** 

NS 

dbh 

NS 

1.154** 

NS 

Plant height 

49 15*** 

54 95*** 

25.57*** 

Height of cleanbole 

NS 

40.99*** 

18.33*** 

No. of branches 

6.80*** 

7.61*** 

3.41*** 

Canopy cover 

2.32** 

2.60** 

NS 


ignincant at 


tHlTTniliiy 


ignitlcant at 0.1% level, NS - Non sigmticant 




The current annual increment in collar diameter in the second and third year of 
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growth was found to be less than that of mmi annual incremmt (Table 4.2.6). 


Breast height diameter (BBH) 

The variety K8 was leading in tlw first year of ^wth (3.83 cm) followed by 
S22 where as other varieties were equal in their dbh growth. The same trend ws 
observed in the second year of growth while in the third year the vari^ S24 was 
leading (9.5 cm) followed by K8, SIO, S22 and S14. The variation in dbh growth 
of varieties was significant in only the second year of annual growth. 

The breast height diameter increment also followed the same trend as of tJw 
collar diameter increment with mean annual increment more than the current annual 
increment (Table 4.2.6). 



Annual 

Increment 


AttritHjte 


A^ VARIITY 

(Year) S24 S22 S!4 SIO IC8 Mean 


Table 4.2.6 : Current and mean annual cq^ice growth increment in i. leucocephala 


5.28 


5.13 


5.18 


2.98 


3.75 


3.77 


4.86 


3.71 


1.64 


1.28 


1.79 


dbh 1 3.55 3.8 3.48 3.59 3.83 3.65 


Current 

2 3.48 3.73 3.40 3.54 4.57 3.74 

3 2.47 1.17 0.82 1.47 0.67 1.32 

Height 1 6.38 6.84 5.94 6.54 6.24 6.39 

2 3.12 2.36 2.86 2.47 3.17 2.8 

3 1.09 0.83 0.48 0.99 0.88 0.85 

CD 1 5.28 5.3 4.88 5.33 5.13 5.18 

2 4.13 4.53 4.21 4.52 4.99 4.48 

3 3.99 3.56 3.08 3.51 3.75 3.58 

dbh 1 3.55 3.8 3.48 3.59 3.83 3.65 

Mean 2 3.52 3.77 3.44 3.57 4.2 3.7 

3 3.17 2.9 2.60 2.90 3.02 2.92 

Height 1 6.38 6.84 5.94 6.54 6.24 6.39 

2 4.75 4.6 4.41 4.51 4.71 4.6 


3 


3.53 3.34 3.10 


3.33 


3.43 3.35 
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Growth and Ptriducaon of Plantetion on PegiMted Lihk I 
Height growth 

In the first year of growth the maximum height in variety S22 was (6J4m) 
followed by SIO, S24, K8 and minimum is S14. In die second year variety S24 and 
K8 recorded maximum height growth followed by S22 and SIO . In the third year 
growth same pattern of height growth was observwi as in the second year. The 
height growth variation between the varieties was significant in only the first y w 
of annual growth. 

The height growth increment also followed the same pattern with higher mean 
annual increment compared to the current annual increment (Table 4.2,6) 

4.2.5 Phenology 

The phenological events were observed on the field plantations as well as in 
the pot culture . All the five selaited varieties have been studied right from their 
germination. 

In pot culture study healthy and scarified seeds were sown by the end of May 
in polythene bags. The seeds started germinating after second day of sowing. 
Maximum number of sprouts were found in variety K8 and the minimum in variety 
SIO and S22. After 15 days of the sowing maximum percentage of germination was 
observed in variety K8 (78.67 %) and the minimum was in variety SIO (55.33%). 

The seed germination in nature starts after first few showers in June and July 
and the young seedlings begin to appear subsequently and continue upto September 
when the mean temperature ranged between 25-35° C. Appearance of seedlings in 
August and September is mostly due to staggered germination of seeds as they are 
deep hurried at the deeper soil layers. 

In the pot culture studies seedlings were transplanted from the polythene bags 
to pots in the first week of July. The gro-wth of young plants is slightly faster in ftie 
rainy season (July to early October) and in spring (late February to April) when the 
temperature ranges from 20 - 3 1 °C. 

Early seedling growth up to October was found to be maximum in variety K8 
and the minimum in SIO. By the April overall vegetative growth was maximum in 
variety S24 which with the advent of winter season, showed suppressed vegetative 
growth in all the varieties due to sudden fall in temperature. Similarly as the 
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summer starts perticularly by mid May tl» vegetative growth becomes slow upto 
some extent. It is due to hot winds and sudden rise in ten^joratoe. With ttc onse* 
of monsoon season they further resume tl^ir vegetative growth. 

The leaf litter fall in these varieties is through out tiie year with maximum in 
summer (April to June) followed by winter (November to February). Leaf fall pedks 
are associated with changes in temporature, humidity as well as antteris and pod 
maturation. The maximum leaf fall was found in variety S14 and tihe minimum in 
K8. 

Flowering also ocurs in all the varieties in two pha^. The first phase was 
found to start by the end of September which lasts for about two months and shows 
a gradual decline with the advent of winter ^ason. The second phase of flowering 
occurred in March- April. The flowers of winter months were found to be larger in 
size and brighter in colour than of the su mme r season. Variety K 8 was first to start 
flowering and the varieties S22 and S24 were the late in flowering. 

The pollination occuned soon afte- the buds open which is mainly by m aM 
after that the Suit formation starts. Tte winter pods ripe by February vritile the 
summer pods ripe by mid May. The winter pods were largo- in size with heavier and 
dark coloured seeds as compared to the summer pods with light weight and coloured 
seeds. The pods also had more weight in winter as compared to summer ones (Table 
4.2.2). 

In the field plantations the area was dry with low level of soil moisture (being 
rainfed). It exhibited early flowering and fruit nwiturity while pot culture experiments 
were responding to only the climatic changes. These modifications in the 
phenological events therefore are the response to environmental conditions such as 
climate, soil, temperature and soil moisture levels. 

To understand the behaviour of each variety for leaf retention and fall, 
monthly leaf / stem ratio was determined. 

4.2.6 Leaf / Stem Ratio 

The changing leaf / stem ratio in the twigs at the apical parts of the canopy 
(branches with less than 0.5 cm diameter) during different months was measured in 
each variety by collecting five twigs randomly from all the three replications. To 
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assure that the branches are of a diameter between 0.3 - 0.5 cm and from a uniform 
height from die ground in the canopy, sampling was carefully done, the twigs were 
kept in paper bags, brought to laboratory, leaves were separated from the stem and 
after recording their wei^t were kept in hot air oven for recording their dry weight. 
On the same date, the soil was also sampled at two levels of 0 - 15 and 15-30 cm 
depth. The soil samples were also used for estimating the Miil moisture. The 
computed data were used for comparing the varieties for their leafiness. The monthly 
behaviour of the varieties mas as under: 

S 24 

The stem (branch / twigs) dry matter remained more than 50% during 
January, February and June with its peak during January while it was minimum in 
August (36.39%) (Fig. 4.2.3). Leaf dry matter was maximum during June (55%) and 
minimum during August (26.89%). During three months April, May and June the 
leaf dry matter was more than 50% and remainal more than the stem dry matter 
where as in the other months stem dry matter was more than the leaf. The maximum 
variation in dry matter of leaf and stem was in month of July (27.4 and 48.4%), 
respectively while in the month of December it was minimum and leaf and stem had 
almost equal dry matter (44 and 45%). The shape of the curve also indicates the 
periods of maturity and new leaf initiation. Leaf / stem ratio on the dry and fresh 
weight basis do not show much variation but on dry weight basis the ratio was lower 
than the fresh weight basis during rainy season. The soil moisture remained more 
than 10% during July and August after which it declined. It is apparant from the 
curves that with the changing soil moisture, the leaf and stem dry matter also 
changed. (Fig 4.2.3) 

S22 

Perusal of figure indicates that the stem remained more than 50% during 
January, February, March and June with its peak during January (63%) while it was 
the minimum in August (35.95%). Leaf dry matter was maximum during January 
(54.1%) while the minimum was in August (23.31%). In the month of December 
and January the leaf dry matter was more than 50%. During the month of December, 
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April and May the leaf dry matter was foimd to be more than that of stem dry 
matter. It was December when leaf and stem had almost similar dry matter (49 and 
51%). Leaf / stem ratio on dry and fres^i weight basis do not ^ow much variation 
but on dry weight basis the ratio was lesser than the firedi weight basis during rainy 
season. The other parameters remained similar to the variety S24 (Fig 4.2.4 ). 

S 14 

Like varieties S 24 and S 22 this variety has also shown maximum stem dry 
matter during the months of January and February. It was recorded maximum in the 
month of February (63%) and minimum in August (30.36%). During tite montibis of 
January and May the leaf dry matter was more than 50%. The leaf dry matter 
remained more than the stem dry matter during die months of December, April and 
May, while in other months stem dry matter was more than the 1^. The maximum 
variation in dry matter of leaf and stem was in the month of February (37.7- 63.6%) 
while the minimum was in December (44 - 47%). All other parameters were similar 
to the other two varieties ( Fig. 4.2.5). 

SIO 

The variety had shown more than 50% dry matter in stem during the months 
of July, January and February. Maximum stem dry matter was observed in July 
(57.84%) which was found to be highest among all the varieties. The minimum dry 
matter was observed in the month of September (31.2%). The leaf dry matter had 
shown its peak during the month of February (60.6%) while the minimum was 
observed in August (25.03%). During the month of January, February and May the 
leaf dry matter was found to be more than 50%. This variety had shown more leaf 
dry matter than the stem dry matter in the months February, March and May. 
Maximum variation in dry matter percentage Avas observed in the month of July (32 - 
57.8%) while minimum in the month of March at 46.9 and 47.8%. All other 
parameters were found to be similar to the previous varieties ( Fig. 4.2.6). 

In the months of January, February and April the stem dry matter was found 
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to be more than 50% (Fig 4.2.7). It was rworded maximum in the month of January 
(56.6%) and minimum in August (35.54%). Leaf dry matter was observed maximum 
in the month of March (52.6%) while the minimum was in June (24.8%). During the 
month of January, Febn^y and March the leaf dry matter was ob^rved at or more 
than 50%. In the month of February leaf and stem dry matter were almost same 
while maximum variation between them was observed in June (between 24.8 - 43%). 
All other parameters were found to show similar trend (Fig. 4.2.7).. 

Over all comparison of all the five varieties, shows the minimum variation for 
leaf / stem ratio during April and the maximmn during November and December. 
During winters maximum leaf / stem ratio was observed in Si4 while fire minimum 
was in S22 (Fig. 4.2.8) . During April to June the leaf / stem ratio remained less 
than 2 in all the varieties while it was more than 5 in SI 4, K8 and SIO during 
November, in S14 during December and SIO in February. During July and August 
in all the varieties leaf / stem ratio was between 2-4. 

4.2.7 Biomass Production 
Five year growth 

Pathak and Gupta (1994) reported only above ground production at five years. 
Biomass (oven dry weight) production was measured separately for the components 
of bole, branch and leaf in each tree (Table 4.2.7). Peak bole biomass was produced 
in S24 (39.2 kg) followed by SIO (36 kg) vriiile the minimum was in K8 (26.4 kg). 
The selections produced more biomass as compared to K8. Variety SIO (12.7 kg) 
produced maximum branches followed by S24 . The difference between the varieties 
with respect to branch production were non significant. 

The production of leaf was maximum in S24 (5.36 kg) followed by K8 
(3.24 kg) while the minimum was in S14 (1.38 kg). The total production showed 
its peak in S24 (56.36 kg/tree) followed by SIO (50.16 kg/tree) and the minimum 
was in K8 (41.34 kg/tree). 

One year coppice growth 

During the first year as a measure of the stand management, at 5 months after 
the clear felling, the coppice shoots were allowed thinning. Only one leading shoot 
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was left per stump and those removed were counted, height was tmted and weighed. 

Samples were kept for dry weight recording. It was observed tibat maximum number 

of shoots were produced in S24 and the minimum in S14. Maximum height was 

produced in S22 (3.65 m) while the minimum was in S14 (3.12 m). S22 produced 

Table 4.2.7: Biomass production (kg/tree) of L leucocephala varieties at five years (afto^ Pathak tmi 
Gupta 1994). 


Variety 

Bole 

Branch 

Leaf 

Total 

S24 

39.2 

11.8 

5.36 

56.36 

S22 

30.8 

10.9 

3.03 

44.73 

S14 

34.3 

7.5 

1.38 

43.18 

SIO 

36.0 

12.7 

1.46 

50.16 

K8 

26.4 

11.7 

3.24 

41.34 

Mean 

33.34 : 

10.92 

2.89 

47.15 

CD at 5% ! 

1 


NS 

1.41 

- 


maximum total fresh weight (4.515 kg) and K8 produced the minimum (3.138 kg). 
Out of these three parameters recorded, only height growth was statistically 
significant (Table 4.2.8). Per shoot dry weight was maximum in S14 while the 
minimum was in K8. The leaf / stem ratio was calculated higher in SIO (3.95) and 
lower in S22 ( 2.70). This showed the allocation pattern even from the early age in 


different varieties. 

Table 4.2.8: Growth and production from the thinning of coppice shoots of L. leucocephalavmeties 


at 5 months. 



.iliiiliiiiiiiii 

illllllliliili 

(m) 

Fresh 

weighting) 

Dry weight 
(hg) 

Dry weight 

Leaf /stem 
ratio 

S24 

11.2 

3.5 

4.077 

1.198 

0.107 

3.84 

S22 

9.5 

3.65 

4.515 

1.224 . 

0.129 

2.70 

S14 

7.4 

3.12 

3.954 

1.024 

0.139 

3.75 

SIO 

8.1 

3.55 

3.331 

0.93 

0.122 1 

3.95 

K8 

8.9 

3.55 

3.138 

0.904 

0.102 

3.35 

Mean 

9 

3.48 

3.803 

1.057 

0.117 

3.05 

CD 

NS 


NS 

- 

- 

- 


At one year after the harvest the biomass production was measured seperately 
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for the above ground components (bole, branch ami leaf) and below j^und parts 
(stump and roots) (Plate 6 ). 

Above ground biomass production : SIO producol highest bole bioma^ (4.89 kg) 
followed by S22, K8, S24 and lowest bole biomass production was recordml in S14. 
The variation in biomass prodiK:tion of varieties was found to be significant 
statistically (Table 4.2.9 ). Branch production was maximum in variety S22 (1 .65 kg) 
followed by SIO, K8, S24 ^d S14. TTie variation between die varieties was non 
significant statistically. 

Leaf production was recorded in the month of March ami it has been 
observed that SIO produced maximum leaf biomass per tree (0.99 kg) followed by 
S14, K8, S22 and S24. The variation betwmi the varieties for leaf prodmition was 
fotmd to be significant statistically. The ^ve ground fMXiduction vm maximum in 
variety SIO followed by S22 and K8 while S24 and S14 were at par in their above 
ground biomass production potential. 

Below ground biomass production : Stump + root production was found to be 
highest in variety S22 (3.72 kg) followed by SIO, K8 and lower in S14 and least in 
S24. The below ground production was also significant between the varieties (Table 
4.2.9). 

The total (above ground + below ground) biomass production was at its peak 
value in S22 (10.14 kg) followed by SIO (9.95 kg) and the minimum was in S24 
(6.11kg). 

Two year coppice growth 

The second year of coppice growth along with above ground and below 
ground production were estimated during March 1995. The aimual litter fall 
collected in different months was also added to the total biomass production for all 
the varieties. 

Above ground biomass production : The highest bole biomass production was in S24 
(16.96 kg) followed by K8, S22, SIO and S14. The variation in production between 
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the varieties was found to be significant statistically. 

Table 4.2.9 ; Biomass production (kg / tree) of fim year coppice giowth in L leucocephala varieties 


Variety 

Bole 

Branch 

Leaf 

Yield of coppice 
thinning 

Total 

t/bme 

^mmd 

Sluiiip+ 

below 

ground 


S24 

3.131 

0.605 

0.436 

1.198 

5.370 

1.935 

7.305 

S22 

4.198 

1.647 

0.578 

1.224 


3.720 

11.367 

S14 

2.713 

0.522 

0.787 

1.028 

5.050 

2.535 

7.588 

SIO 

4.893 

1.237 

0.985 

0.930 

8.050 

2.833 

10.878 

K8 

3.808 

0.696 

0.598 

0.904 

6.(K)6 

2.723 

8.729 

Mean 

3.748 

0.941 

0.665 

1.057 

6.407 

2.749 

9.160 

CD ' 

1.22 

NS 

0.381 

- 

- 

0.997 



The branch production was maximum in S22 (4.15 kg ) and minimum is SIO. The 
varietal variations were analysed statistically non significant (Table 4.2.10) 

The leaf biomass production was maximum in S22 ( 1 .67 kg) whereas other 
varieties were at par in the leaf production. The varietal variations were non 
significant statistically. The total above ground production was maximum in S24 
(21.6 kg) followed by S22, K8, SIO and S14. The variety S14 and SIO gave lower 
biomass than the mean. 

Below ground biomass production ; The maximum below ground biomass production 
was recorded in S22 (15.35 kg) followed by K8, and S14. The varieties S24 and SIO 
were equal in their below ground biomass production potential. The varietal 
variations were found to be statistically significant. (Table 4.2.10). 


Litter production : The litter production at the end of second year of coppice growth 
was found to be maximum in K8 (3.5 kg/tree) followed by S14, whereas S22, S24 
and SIO produced almost equal amoimt of litter. Considering the leaf biomass at the 
end of 2 years, K8 produced minimum leaf biomass / tree and the maximum litter. 


Litter production and dry matter allocation : The monthly litter production in all the 
varieties showed that all followed similar trend (Fig. 4.2.9 ) . It showed three peaks 
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of litter production during (November, Mw:h aiKi May). Tte nunimmn prodiKition 
was observed in July in S24 (160 kg/ha) aiwi the maximum was in SIO and K8 
(about 3000 kg/ha) in the month of March, produced equal amount of littor in 
months of July, August, September, Octob«r, December and Apil . In all tte 
varieties maximum variation in the litter production was <:^)served in March aad May . 
Over all maximum litter poduction was obtained in the month of March followed 
by May and November and the minimum was in July. 

Table 4.2. 10 : Biomass production (kg / tree) of cofHiice powth of L ieucocephalavmet^ in soxmd 


year . 


Varieties 

Bole 

Branch 

Leaf 

Tetalirixnw 

biomass 

Stompi’ 
below 
iprowd - 

Liner - 

T®l*l t 

S24 

16.% 

3.54 

l.IO 

21.6 

7.85 

2.67 

32.12 

S22 

13.55 

4.15 

1.67 

19.66 

15.35 

2.79 

37.50 

S14 

10.55 

3.61 

0.98 

15.13 

8.02 

3.24 

26.39 

SIO 

13.18 

1.83 

1.002 

16.01 

7.80 

2.38 

26.19 

K8 

14.58 

3.66 

0.94 

19.18 

11.33 

3.50 

34.01 

Mean 

13.76 

3.36 

L14 

18.25 

10.07 

2.92 

31.24 

CD 

3.0 

NS 

NS 

- 

3,36 

- 

- 


NS = Non significant 


Litter was composed of leaf, rachis including twigs, flowers, pod coverings 
and seeds. Their proportion and dry matter allocation changed during different 
months. Contribution of leaf in the total litter biomass was more than 60% during 
March, June, July, August, September, October, November and December. It was > 
50% in January in all the varieties except S14. In April and February it ranged 
between 45 - 60% (Fig. 4.2.10). Since leaf and rachis including the small twigs 
formed the major component, their fortnightly changes during the period of 
production are presented in figure 4.2.11 and 4.2.12. A perusal of figures indicated 
that varietal variation in allocation was quite prominent during different months. 
During November, December and March more than 65% dry litter biomass was 
allocated to leaves while it was less than 50% in all the varieties except S14 in the 
month of January. During the remaining months. It was between 50 - 60%. Inter 
varietal variations were minimum in second fortnight of March in all the varieties. 
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(Figure 4.2.11 ) 

Allocation to twigs was highly variable among the varieties during differMit 
months. Thus 40% and more twig biomass was observed during November and Afxil 
in SIO. It remained less than 35% in all the varieties during all tihe months. Only 5% 
allocation was observed in S24 and K8 during December first quarter vdien 
allocation to leaf was more than 90% in these varieties. Inter varietal variations wea* 
the minimum during second fortnight of April (Fig 4.2.12 ). 

Three year coppice Growth 

The biomass production of third year coppice growth was estimated on tiw 
basis of first and second year coppice growth through regression motkls develops 
for dbh and height growth (Table 4.2.11). 

Above ground biomass production ; At the end of third year variety S24 has ^own 
maximum bole biomass (20.01 kg) followed by K8 and SIO vriiereas S22 and S14 
were equal in bole biomass production. The production in S22 aikt S14 vras found 
to be lesser than that of the varietal mean. The production of branch was also 
maximum in S24 (4.97 kg) followed by K8, SIO, S22 and SI 4. The production of 
leaf had also shown the same trend with maximum in S24 and mmimum in SI 4. 
The total aboveground production was maximum in S24 and minimum in SI 4. 

Below ground production : S24 produced maximum below ground biomass ( 
15.71 kg) followed by K8 and SIO whereas S22 and S14 were at pax. At the end of 
third year variety S24 was leading in its total biomass production followed by K8. 

The production of active fine roots and its mortality continues to be in 
continuous flux over the year. Its prodiKJtion is higher during the rainy season 
followed by February, March and lowest in May - June. Although it was not 
measured, but based on Rana et al. (1989), it was considered 20% of the leaf litter 
falling annually. Srivastava et al. (1986) consider one half or a greater fraction of 
the weight of the litter to be fine roots but the 20% part of the leaf litter was 
considered more accurate. In Leucaena, leaf litter constituted about 62% of the total 
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Fig. 4.2. 11 : Dry matter alkxjation to teaf litter bromass by different 
varieties of L leucxicBphala 
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litter biomass. In Amgeissus latifolia forests on Vindhyans, Singh (1987) observed 
< 2 mm diameter component to be one third of the total biomass dnrii^ the rainy 
season. Considering these and also the strong seasonality of growth with high litter 
fail during the dry months, 20% fraction was considered more appropriate. 

Table 4.2. 1 1 : Biomass production (estimated kg/tree) of coppice growth in L. leucocephala varieties 


in the third year . 


Variety 

Bole 

Bimiches 

Leaf 

Total AG 

Stump+BG 

Litter 

Total 

S24 

20.81 

4.97 

1.43 

27.21 

15.71 

3.80 

46.72 

S22 

17.67 

4.24 

1.29 

23.20 

13.30 

4.19 

40.69 

S14 

14.12 

3.41 

1.14 

18.67 

10.57 

4.78 

34.02 

SIO 

17.29 

4.15 

1.28 

22.72 

13.01 

3.56 

39.28 

K8 

19.09 

4.57 

1.36 

25.02 

14.39 

4.48 

43.89 

Mean 

17.80 

4.27 

1.30 

23.36 

13.40 

4.16 

40.92 


4.2.8 Standing Crop of Biomass 

Production of biomass per unit area in the first, second and third year of 
growth in different varieties is presented in table 4.2.12. It is apparent from the table 
that biomass production per unit area increased over the years. S24 and S 10 are the 
higher biomass producers with 133.72 and 134.22 t/ha at the third year. The same 
varieties at 1 year showed 16.36 t more biomass in SIO over S24 and at the second 
year S24 gave 2.27 1 more biomass. With the total biomass S22 remained the lowest 
with 85.88 t/ha at the end of third year. In the first year SIO produced the maximum 
(37.4 t/ha) while S24 being the lowest (21.04 t/ha), in second year K8 produced the 
maximum (96.28 t/ha) while S14 was the lowest (75.43 t/ha). This shift in the 
production over years is possible due to the growth strategies and the dry matter 
allocation pattern over the years.This is apparent from the woody biomass production 
(Table 4.2.12). 

The wood biomass was maximum in SIO (21.89 t/ha) in first year and 
minimum in S24 (9.95 t/ha) and in second year of growth S24 produced the 
maximum (58.43 t/ha) and the minimum was in S14 (39.65 t/ha) whereas during the 
third year S24 remained maximum producer (73.47 tha). It clearly shows the varietal 
strategy for allocating more biomass to wood in S24 as compared to the others. 
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4.2.9 Production Ratios 

In order to understand the dry matter allocation strategies of varieties, wood 
/ bark, bole / branch and wood / leaf ratios were calculated (Table 4.2.13). The mean 
value of these parameters over time showed increase indicating flow towards bole 
wood. 

Table 4.2.12: Standing crop of biomass (t/ha) at different age in L leucocephala varieties at 
different age.. 


Variety 

Age(yr) 

Wood 

Aboveground 

Total 

S24 

1 

11.75 

15.30 

21.04 


2 

58.43 

61.56 

92.49 


3 

73.47 

77.55 

133.72 

S22 

1 

16.01 

19.12 

28.63 


2 

44.25 

48.40 

94.69 


3 

54.78 

58.00 

101.73 

S14 

1 

9.95 

14.14 

21.62 


2 

39.65 

42.36 

75.11 


3 

49.08 

52.28 

96.00 

SIO 

1 

21.89 

27.37 

37.40 


2 

51.03 

54.43 

90.22 

■ 

3 

72.90 

77.25 

134.22 

K8 

1 

13.55 

16.82 

24.79 


2 

51.07 

53.70 

96.28 


3 

66.25 

70.06 

123.57 

Mean 

1 

14.55 

18.39 

26.70 


2 

49.13 

52.38 

90.72 


3 

63.30 

67.03 

117.85 


The wood / bark ratio was maximum in SIO in year 1, K8 in year 2 and S22 and 
S24 in year 3. The minimum in year 1 was in S24, in year 2 in S 14 and in year 3 
in S14. This indicated the relative value of S24 for quality wood production. 

The bole / branch ratio was maximum in K8 in year 1, SIO in year 2 and S24 
in year 3. Minimum was in S22 in year 1, S14 in year 2 and S22 and S14 were at 
par in year 3. This clearly shows higher relative allocation to branch biomass with 
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age in S22 and SI 4. It is note worthy that L. leucocephala has a seif piining habit 
whereby, lower branches in a plantation are gradually shed. 

The wood / leaf ratio shows the non photosynthetic biomass that can be 
supported per unit of the photosynthetic biomass. Maximum ratio in year 1 was in 
S24, year 2 in K8 and S24 in year 3. Similarly the minimum was in S14 in year 1, 
S22 in year 2, S14 in year 3. S24 and K8 did not follow any trend over the years 
while in rest of the thre, there was an increase with age. 


Table 4.2.13 ; Production ratios in the biomass of L leucocephala at different growth stages. 


Variety 

Wood/Batk ratio 

Bole/Btancb ratio 

Wooi^Leaf ratio 


Age (Yrs) 

1 

2 

3 

1 

2 

3 

1 

2 

3 

S24 

5.13 

11.0 

13.16 

5.19 

4.79 

0 

4.19 

8.57 

18.63 

18.03 

S22 

7.57 

12.85 

12.03 

2.55 

3.27 

4.14 

^ 10.11 

10.61 

15.61 

S 14 

7.03 

8.01 

11.95 

5.20 

2.93 

4T4 

4.11 

14,48 

15.38 

S 10 

7.93 

12.0 

12.61 

3.96 

7.21 

4.17 

6.22 

14.98 

16.75 

K8 

7.14 

15.4 

12.93 

5.47 

3.99 

4.18 

7.53 

19.51 

17.40 

Mean 

6.96 

11.6 

12.54 

3.98 

4.10 

4.16 

7.05 

15.07 

16.75 


Dry Matter Profile 

During the harvest of above ground biomass, each tree was separated in to 
1 meter segment from the base. In each segment the components of bole, branch and 
leaf were separated and weighed separately. Samples were drawn and kept in oven 
for determining the dry matter. The pieces of the bole were further separated in to 
wood and bark and weighed separately. The structure of the standing crop of biomass 
is given as under: 

At 1 Year 

Dry weight structure of bole : Ail the varieties had six segments except one tree in 
S22 having 7 and one tree each in S24 and S14 with 5 segments. In a pyramidal 
structure maximum biomass in the basal first segment was in S 1 0 (203 1 . 5 g)followed 
by S22 and K8 The minimum was in S24 (1109 g) (Fig. 4.2.13). The other 
segments followed the similar trend. On an average six segments were considered of 
which maximum dry matter partitioning was in basal p^s of S14 (43.6%) followed 
by SIO and the minimum was in S22 (33.1%). The structure of dry matter in bole 


Meter segment from base £2 Meter segment from base 
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was in shape of pyramid. In the second segment, maximum was in S24 (27%) while 
the minimum was in SIO (24.5%). In the top most segment, the maximum was in 
K8 (2.2%) while the minimum was in S22 and S14 (0.003%). This was the situation 
when the bole biomass was measured above the stump level. 

Dry matter percentage in wood : The dry matter in bole increa^ from 53.6 to 67% 
in S22 and K8 respectively at the age of one year. Such a high dry matter content 
in K8, S24 and SIO shows its specific trait. In K8 maximum dry matter of 69.4% 
was in the segment one while minimum of 60% was in segment six. In S22 
maximum of 64% dry matter was in segment two while the minimum of 42% was 
in segment six. The dry matter in bark was lower to bole wood showing higher 
moisture compared to bole wood. The dry matter in the bark was again maximum 
in K8. The bole / bark ratio was maximum in SIO while it was minimum in S24. 
This indicates the relative allocation of each variety to different parts. 

Branch and leaf: The basal segment had no branch and leaf. In the second segment 
maximum branch and leaf was in S22 followed by SIO. S24 contributed the 
minimum. Third and the fourth segment accounted for maximum branch and leaf in 
almost all the varieties. Thus, the maximum canopy spread accounted at 3 and 4 m 
segments from the base. S14 contributed the maximum leaf biomass in the third 
segment (Fig. 4.2.13). 

At 2 Year Age 

Dry weight structure of bole : All the varieties had nine segments (Fig. 4.2.14). The 
maximum dry matter partitioning was in basal parts of S22 (28.01%) followed by 
SIO (27.42%) and the minimum was in K8 (22.78%). The structure of dry matter in 
bole was in the shape of a pyramid. In the second segment, maximum was in S14 
(23.41%), while the minimum was in K8 (17.06%). In the top most segment the 
maximum was in S24 (3.5%) and the minimum in S14 (0.14%). This was the 
situation when the bole biomass was measured above stump level. 

Dry Matter percentage in wood : The dry matter in bole rose from 56.18% to 
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Fig. 4.2.14 : Dry matter profile in L leucocephala plantation at Jhansi at two years 
of coppice growth (1996) 
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72.34% in S14 and SIO respectively at the age of two years. Maximum dry matter 
was in segment three and eight of SIO and S22 respectively. Minimum dry matter 
was in top segment of S14 (10%). The dry matter in bark was lower to bole in all 
the varieties showing higher moisture in bark compared to wood. The wood / bark 
ratio was maximum in the third segment of K8 and the minimum was in segment 
eight of SI 4. 

4.2.10 Productivity 
First Rotation 

Pathak and Gupta (1994) reported that on the basis of per tree yield and their 
respective density, the calculated yield shows a maximum annual production of 32.12 
t/ha by S24 compared to 23.1 t/ha by K8 and 21.74 t/ha being the mean of all the 
varieties. In the earlier study Pathak et al. (1985) reported productivity of 74.3 
t/ha/yr by K8 on the moist wastelands at a density of 5000 trees / ha. Although the 
population density in this experiment was just half of the quoted experiment, yet the 
low yield in this experiment was mainly attributed to the dry and calcareous 
degraded lands habitat on which the trees were grown. 

Second Rotation 

Based on the per tree yield and their respective density, the productivity of 
different segments viz., wood, leaf, above ground biomass and total biomass are 
presented in table 4.2.14. 

Woody biomass : Production of bole, branch, leaf and litter was recorded during the 
three years of growth. It showed the maximum current increment during the second 
year (35.67 t/ha/yr) followed by the first year. The mean increment was also 
maximum during the second year (24.56 t/ha/yr). A comparison of all the varieties 
shows si m ilar feature. The peak current increment was observed in S24 during the 
second year (47.74 t/ha/yr). It followed the trend of the mean productivity in all the 
varieties. The maximum mean annual productivity was observed in S24 (29.2 t/ha/yr) 
during the second year. There was a general decline in mean annual production in 
the third year with the maximum in S24 and the minimum in S22. 
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Above ground biomass : The total above grouiMl biomass also showed the same trend 
with maximum current increment during the ^ond (37.07 t/ha/yr) foUowed by 
the first year. The mean increment was also maximum during the second year (26.19 
t/ha/yr). The comparison of all the varieties also showed similar feature. The peak 
current increment was observed in S24 during the ^jcond year (49.67 t/ha/yr). It has 
also followed the trend of mean productivity in all the varieties. The maximum mean 
annual productivity was observed in S24 (30.78 t/ha/yr) during the second year. 
There was a general decline in mean annual production in the third year with the 
maximum in S24 and the minimum in S22 (Table 4.2.14). 


Table 4.2.14 : Productivity (t/ha/yr) of Levcaenaleucocephalavsne^es. 


Variety 

Year 

Mean annual productivity 

Current annual 
productivity 

Wood 

Above 

ground 

Total 

Wood 

Above 

ground 

Total 

S24 

1 

11.75 

15.30 

21.04 

11.75 

15.30 

21.04 


2 

29.23 

30.78 

46.24 

46.68 

46.36 

71.45 


3 

24.49 

25.85 

44.57 

15.04 

15.99 

41.23 

S22 

1 

16.01 

19.21 

28.63 

16.01 

19.12 

28.63 


2 

22.11 

24.20 

47.35 

28.24 

29.30 

16.06 


3 

18.26 

19.33 

33.91 

10.53 

9.6 

7.06 

S14 

1 

9.95 

14.14 

21.62 

9.95 

14.14 

21.62 


2 

19.81 

21.18 

37.56 

29.70 

28.22 

53.49 


3 

16.36 

17.43 

32.22 

9.43 

9.92 

20.89 

SIO 

1 

21.89 

27.37 

37.40 

21.89 

27.37 

37.40 


2 

25.50 

27.22 

45.11 

29.14 

27.06 

52.82 


3 

24.30 

25.75 

44.74 

21.87 

22.82 

44.00 

K8 

1 

13.35 

16.82 

24.79 

13.35 

16.82 

24.79 


2 

25.54 

26.85 

48.14 

37.52 

36.88 

71.49 


3 

22.08 

23.35 

41.19 

15.18 

16.36 

27.29 

Mean 

1 

14.55 

18.39 

26.70 

14.55 

18.39 

26.70 


2 

24.56 

26.19 

45.36 

34.58 

33.99 

64.02 


3 

20.35 

21.56 

38.11 

11.91 

12.31 

23.61 
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Total biomass : The current annual increment in total biomass was found to be 
maximum in the second year (58.02 t/ha/yr) followed by the first year. The mean 
annual increment was maximum during second year (40.64 t/ha/yr). With resp«:d to 
the varieties the peak current annual increment was observed in S24 during the 
second year (66.53 t/ha/yr). It has also followed the trend of mean productivity in 
all the varieties. The maximum mean annual productivity was observed in S24 (41.96 
t/ha/yr). There was also a general decline in mean annual production in the third year 
with the maximum in K8 and the minimum in S14 (Table 4.2.14). 

4.2.11 Energy Storage and its Efficiency 

Energy storage and ecological efficiency in different parts of Leucaena 
leucocephala varieties over three years of growth is presented in table 4.2.15. It is 
apparent from the data that out of the total energy harvested, maximum portion of 
it was stored in bole followed by the below ground and stump. The allocation of 
energy diverted towards branch on age of plantation increased than leaf as is evident 
from table 4.2.16 which is presented as percentage in different parts. At the end of 
the third year of growth SIO leads in its potentiality to harvest maximum amount of 
energy followed by S24 as compared to K8 and other selections. 

4.2.12 Discussion 

Leucaena is considered as one of the fastest growing tropical woody perennial 
with highest potential for biomass production (NAS 1984). During 1960s and 1980s 
it was regarded as a miracle tree with potential to provide the most vital needs of 
rural set up for a sustainable living. During the past 25 years its potentials for fast 
growth, forage production, firewood production, biomass production, nutritive value, 
value as protein supplement to the animals, nurse crop, soil amelioration, nitrogen 
fixation etc. have been worked out extensively. 

An attempts made in friis investigation to understand the plant processes 
controlling its growth and biomass production on highly degraded lands involving 
5 potential varieties in dry semi-arid zone have given much insight into its versatility. 
The five varieties used in this study have statistically significant differences amongst 
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Table 4.2.15 ; Energy storage (X 107 K cal / ha) in different components of L leucoceplmla 
plantation and it s ecological efficiency (%). 

Age Components VARIETY Meat 

(Yrs) 1 1 1 


Components 


VARIETY 


Mean 


S24 

SZ2 

SI4 

SIO 

K8 


Bole 

4.24 

4.99 

3.61 

7.90 

5.06 

5.11 1 

Branch 

1.24 

2.43 

1.04 

2.31 

1.27 

1.67 

Leaf 

1.60 

1.40 

1.88 

2.46 

1.47 

1.73 

Total AG 

7.08 

8.82 

6.53 

12.67 

7.80 

8.51 

BG + Stump 

2.43 

4.09 

3.12 

4.24 

3.35 

3.47 

Litter 

0.743 

0.68 

1.17 

1.86 

1.25 

1.14 

Fine root 

0.023 

0.0898 

0.1557 

0.172 

0.147 

0.172 

Total 

10.346 

13.68 

10.976 

18.942 

12.547 

13.292 

Efficiency 

1.169 

1.545 

1.243 

2.14 

1.418 

1.50 

Bole 

20.20 

14.20 

12.40 

18.70 

17.10 

16.5 

Branch 

3.90 

4.00 

3.90 

2.40 

4.00 

3.64 

Leaf 

1.20 

1.70 

1.10 

1.40 

1.00 

1.28 

Total AG 

25.30 

19.90 

17.40 

22.50 

22.10 

21.42 

BG + Stump 

8.70 

15.20 

8.91 

10.50 

12.60 

11.18 

Litter 

3,16 

2.93 

3.81 

3.40 

4.10 

3.48 

Fine root 

0.398 

0.394 

0.511 

0.492 

0.441 

0.447 

Total 

37.558 

38.424 

31.321 ■ 

36.892 

39.241 

36.527 

Efficiency (mean) 

2.122 

2.17 

1.769 

2.08 

2.222 

2.064 

Efficiency (current) 

3.07 

2.796 

2.23 

2.028 

3.016 

2.63 

Bole 

24.8 

15.10 

16.5 

24.60 

22.30 

20.66 

Branch 

5.5 

3.40 

3.70 

5.50 

5.00 

4.62 

Leaf 

1.65 

1.16 

1.29 

1.76 

1.54 

1.48 

Total AG 

31.95 

19.66 

21.49 

31.86 

28.84 

26.76 

BG + Stump 

17.34 

10.48 

11.46 

17.13 

15.60 

14.40 

Litter 

4.55 

4.40 

5.62 

5.08 

5.27 

4.98 

Fine root 

0.569 

0.575 

0.742 

0.672 

0.679 

0.647 


Efficiency (mean) 2.049 


Efficiency (current) 1.90 


54.409 35.115 


1.322 


54.742 50.389 46.787 







































































































































































Growth and Production of Plantation on Degraded Land 


149 


Table 4.2.16 : Energy allocation (%) to different {»rts of die biomass in L /cHcocepAo/a varieties.. 


Age Parts 
(Yrs) 


VARIETY 



S24 

'S22 

S14 

SiO 

K8 


Bole 

40.98 

36.48 

32.89 

41.71 

40.33 

38.44 

Branch 

11.99 

17.76 

9.47 

12.20 

10.12 

12.56 

Leaf 

15.46 

10.23 

17.13 

12.99 

11.72 

13.02 

Total AG 

68.24 

64.47 

59.49 

66.89 

62.17 

64.02 

BG + Stump 

23.49 

29.9 

28.43 

22.38 

26.70 

26.11 

Litter 

7.18 

4.97 

10.66 

9.82 

9.96 

8.58 

Fine root 

0.22 

0.656 

1.42 

0.91 

1.17 

1.29 

Bole 

53.78 

36.95 

39.59 

50.69 

43.57 

45.17 

Branch 

10.38 

10.41 

12.45 

6.50 

10.19 

9.96 

Leaf 

3.19 

4.42 

3.51 

3.79 

2.55 

3.50 

Total AG 

67.36 

51.79 

55.55 

60.99 

56.32 

58.64 

BG + Stump 

23.16 

39.56 

28.41 

28.50 

32.11 

30.61 

Litter 

8.41 

7.63 

12.16 

9.22 

10.45 

9.53 

Fine root 

1.06 

1.03 

1.63 

1.33 

1.12 

1.22 

Bole 

45.58 

43.00 

41.97 

44.94 

44.25 

44.16 

Branch 

10.10 

9.68 

mm 

10.05 

9.92 

9.87 

Leaf 

3.03 

3.30 

3.28 

3.21 

3.06 

3.16 

Total AG 

58.72 

55.99 

54.66 

58.20 

57.23 

57.19 

BG + Stump 

31.87 

29.84 

29.15 

31.29 

30.96 

30.78 

Litter 

8.36 

12.53 

14.29 

9.28 

10.46 

10.64 

Fine root 

1.05 

1.64 

1.89 

1.23 

111.35 

1.38 


them for leaf length, number of pinna pairs/leaf length of pinna, number of flowers 
per head and mimosine percentage in leaf. Similarly different parameters of pod and 
seed test weight also showed significant variation between the varieties. 

Earlier, Pathak et al. (1974) suggested existence of ecotype based on the seed 
and seedling study from different provenances. In another study where seedling 
characteristic of 30 provenances were subjected to metroglyph analysis, the character 
association were found significant (Pathak et al. 1984). The summer produced seeds 
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were lighter than the winter ones. But the heaviest ^eds in winter were from S22 
while in summer they were from SIO. Test weight showed minimum variation due 
to seasons in K8. The low test weight of S24 during summere is ascribed to tteir 
very late flowering affecting seed quality. The late formed pods experience ripening 
due to high temperature and low humidity in summer months. 

Plant growth parameters viz. collar diameter, dbh and height of these 
varieties grown on dry habitats when compared to the growth of K8 or K500 on 
moist sites (Pathak et al 1985) show almost 54.8, 50.0 and 96.2% growth 
respectively. The early growth up to 2-5 years shows 98% lower growth in collar 
diameter while the height growth was 123.7% of the moist site reported earlier. At 
1.5 years collar diameter was 78% of the moist site while the height was only 105%. 
This shows the low allocation to wood growth and cessation of height growth 
subsequently on dry degraded lands compared to moist sites. This may also be due 
to low stand density in this experiment compared to the moist site due to which more 
resource allocation was to reproductive efforts and litter fall. 

Almost all growth parameters showed strong effect of seasons with peak 
growth during June-September (rainy season). In a monsoon climate with short wet 
period this is quite logical. In earlier studies on moist sites similar results were 
reported by Pathak et a/. (1985). In case of coppice growth which depends upon the 
health of stump and root resources the first one year coppice growth was much faster 
compared to the second year. Height growth between December to March in almost 
all varieties was negligible while collar diameter groAvth was maximum in S14. 
During the same period height of clean bole also increased maximum in K8, S14 and 
S22 due to self pruning. 

Comparing early growth on moist site, the mean collar diameter growth of 
coppice shoots equalled on the dry site. Height and dbh were 164.7 and 119.2% 
more than the same age of growth on moist site. At 3 years age the cd, dbh and 
height were 109.2, 1 16.4 and 122% higher on drier site in this experiment compared 
to the moist site reported earlier by Pathak et al (1985). In contrast to the growth 
during the first rotation the coppice shoot growth was much higher indicating the 
benefits of management under coppice systems. 

The study has brought out the varietal response to the monthly variations in 
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the weather parameter including tihe soil moisture. In all the varieties lowest L/S ratio 
was in June (end of dry phase) while it was maximum in November (in S14, K8, 
SI O) December (S24) and March (S22). The overall phenology depicted similar 
behaviour as reported by Kimura et al. (1984). 

In trees, the current productivity rises to a maximum during the active growth 
phase but declines with maturity so the average rate continue to rise until the current 
rate falls to equal it. The age at which these rates equal, varies with sp«5ies and the 
site quality. Wastlake (1963) reviewed productivity estimates and gave the value for 
probable annual average productivity on a fertile site for tropical rain forests to be 
50 t/ha/yr. Eucal^^tus and Leucaem are retorted to give high productivity in tropics 
(Table 4.2.17). Earlier studies on potential growth and productivity of may species 
have shown very high productivity. 


Table 4.2.17 : Biomass yield of energy plantations compared to the present study. 


Oenus 

■ Yield (odfiha/yr) 

Atriihor 

1. CalUandra 

33 

Anderson et aL (1983) 

2. Eucalyptus 

31 - 58 

Anderson a/. (1983) 

3. Populus 

4 - 19 

Anderson et al. (1983) 

4. Acacia nilotica 

30.8 

Gurimurthy et al (1986) 

5. Leucaena leucocephala 

40.6 

Gurumurthy et al (1986) 

K8 (5 years) 

74.32 

Pathak et al. (1985) 

K500 (2 years) 

48.97 

Pathak and Gupta (1987) 

Silvi-4 (6 years) 

49.77 

Pathak and Gupta (1991) 

S24 (5 years) 

32.12 

Pathak and Gupta (1994) 

Mean of 5 (1 year) 

26.699 

Present study 

Coppice (2 years) 

45.365 

Present study 

Coppice (3 years) 

38.109 

Present study 


Leucaena is regarded to give a productivity ranging from 40-60 t/ha/yr which 
is superior to even Eucalyptus. Gurumurthy et al. (1986) reported 30.8 t/ha/yr 
productivity for A. nilotica energy plantation of 5 years age. The productivity of 
coppice stands at 1,2 and 3 year growth have shown maximum in year 2 and the 
minirmim for year 1 . At year 3 the productivity of 37.87 t/ha/yr is 5.75 t/ha/yr more 
than the productivity of same stand at 5 year age. Compared to earlier studies 
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conducted in Jhansi on moist ckgrad^ lands the productivity obtained is just half. 
This could be attributed to dryness of the site, plantation density and the soil 
nutrients. Compared to the productivity of silvipastures on similar dry areas at 10 
year rotation, the mean productivity in the present case is more than 3.7 and 4.4 
times at 3 and 2 years respectively. 

Leucaena continues to drop leaf litter throughout the year. To this are added 
the flower litter during Oct. -Dec. and March-April and pod, seed and branch Utter 
during Dec.-March and May- June. In the present study peak production is reported 
during March followed by May and November. In earlier study on moist sites Pathak 
and Gupta (1987) reported maximum fall during first year in Dec., Feb. & May- June. 

In another study in Hawaii Van Den Beldt (1982) reported highest yield during 
November followed by Feb. In the present study firom a dry zone the present shift 
is in response to intense dryness at high radiation with high ambient temperature 
forcing leaf to fall. The total annual litter biomass (mean of 5 varieties) was found 
to be 2.71, 9.76 and 12.54 t/ha during 1st, 2nd and the 3rd year. Comparing with 
other studies Pathak and Gupta (1987) reported 5.58 t/ha in the 2nd year at 10,000 
trees/ha density on moist site. Gill et al. (1990) observed increasing litter production 
from 3 - 6 years in a Leucaena leucocephala plantation from 3.3 - 7.2 t/ha at 528 
trees / ha density. In the present case the mean density of 22870 trees / ha may be 
responsible for low litter yield in the first year which was made up in the subsequent 
years. Van Den Beldt (1982) observed 8. 5-8. 8 t/ha year litter fall in first year at 
Hawaii at 10,000 20,000 and 40,000 trees / ha. There was not any significant 
difference due to plant density. The monsoon climate with strong seasonality of soil 
moisture and air temperature appears to be responsible for such a high litter fall. 

Wood / bark ratio increased with age. In earlier study Pathak and Gupta 
(1991) observed its decrease in bole from base towards the top and between the 
varieties. Maximum of 12.71 was reported in K8 while the minimum was in K500 
(fodder variety). The present study shows the similar value at 3 years against the 
earlier reported for 6 years growth. 

Comparing the energy storage of plantation (Table 4.2.18) shows that 
Leucaena coppice plantation had capacity to store more energy compared to other 
studies. The present site falls in dry deciduous forest type where the storage is lower 
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than the study. Even it compares with Eucalyptm plantation on good habitats in 
India. 

Table 4.2.18 : Above ground energy storage (x!07 k cal/ha/yr)of plmtaticMis 


Plantation 

Energy storage 

Author 

Hybrid poplar stubbie crop 3 
years (Pennsylvania) 

81 

Ahlich and Hinman (1974) 

American Sycamore coppice 
crop 2 years 

3.5 

Ahlich juid Hinman (1974) 

Bamboo (South east Asia) 

5.0 

Ahlich and Hinman (1974) 

Eucalyptus India 

16.2 

Ahlich and Hinman (1974) 

Kenya 

8.1 

Ahlich and Hinman (1974) 

Sub tropical deciduous forests 

10.2 

Ahlich and Hinman (1974) 

Leucaena coppice Yr I 

8.51 

Present study 

Yr2 

10.71 


Yr 3 

8.92 



Energy fixation efficiency was calculated by using the net yearly solar 
radiation received on the site. Half of the total solar radiation data for Gwalior (70 
km from the site) (885054.4 k cal/m^/yr) have been used for the calculation 
considering the availability as PAR (Mani and Rangrajan 1982) . Maximum radiation 
was received during May while the minimum was in December. The radiation during 
growth period July-October was 56847.46 k compared to summers 70908.9 

k cal/mVyr (March-June). 

A comparison of energy fixation efficiency of different ecosystems shows 
that the forests have maximum efficiency of 2.2 - 3.5% compared to grasslands 
(1.67%). The coppice growth on highly degraded site gave 2.63% efficiency for 2nd 
year production (mean 2.064%). At 3rd year the efficiency declined to 1.762% (with 
current efficiency of 1.16%) (Table 4.2.19). The low efficiency is ascribed to low 
stand density and the dry habitat. Still the efficiency compared to the dry shrub 
forests is many times higher. 

Energy flow in the plantations of different varieties of L. leucocephala is 
presented in fig. 4.2.15 to 4.2.20. It is evident from diese schematic flow diagrams 
that the bole contributed maximum to the total net production followed by the below 
ground and stump. S24 and K8 indicate higher total net production followed by S22. 
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Fig. 4.2.15 : Energy flow in Leacaena bucocephafa (S24} plantatbn ( M Cal/sq m). values 
in parenttieses are percentage contribution to total net production. 




Branch, Flower 


Fig. 4.2.16 : Energy flow in Leucaena leucocephala (S22) plantation ( M K Cal/sq m). values 
in parentheses are percentage contrrbLrtion to total net production. 
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Ffg. 4.2.17 : Energy flow In Leucaena ieucocephala (S14) plantation < M K Cal/sq m). vai^s 
in parentheses are percentage contributkm to total net production. 


Litter, Leaf 
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Fig. 4.2.18 : Energy flow in Leucaena leucocephala (SfO) plantation ( M K Cal/sq m), values 
In parentheses are percentage contribution to total net production. 
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Table 4.2.19 : Comparison of ecological efFiciency (%) of net primary production in forests. 


Ecosystem 

Efficiency 

Audior 

L Deserts 

0.03 

Chew and Chew (1965) 

2, Forests 

2.2 - 3.5 

Helmers (1964) 

3, Herbaceous vegetation 

1.1 

Golley (!%0) 

4. Grasslands at Varan^i 

1.67 

Sin^ and Misra (1968) 

5. Lei/caewa plantation 
(mean of 5 varieties) 

1 Year 

1.5 

Present study 

2 Year 

2.63 


3 Year 

1.16 



SIO and S14 were equal in their net productivity. However, S24 and SIO contribute 
maximum portion to the total net production indicating their higher wood biomass 
production potential and may be suitable for plantation in the semi arid environment 
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General Discussion 


Leucaena leucocephala has been extensively studied throughout the World . 
Different aspects are detailed in many studies (NAS 1984, Bray et al 1997). The major 
emphasis in the studies has been towards its management for fodder and firewood ’ 
production. This thesis has attempted to compare the five selected varieties of this 
species for their growth, production and energetics and tried to imderstand the 
production processes through their direct estimation and growth analysis. The previous 
chapters 4.1 and 4.2 have given its early growth and coppice growth parameters and 
tried to argue about the observed behaviour with the help of available literature. It 
would be desirable to understand the relationship if any between the early and coppice 
growth and also the productivity and energetics. 

Extreme dry summer and winter months check plant growth (Fig. 4.2.1 and 
4.2.2). Growth flushes are visible in late February-March and late June-My in 
response to rise in temperature and moisture availability respectively. Similar results 
were observed by Pathak et al. (1985). It is before these two periods that pods mature, 
seeds are dispersed and maximum litter (leaves, branches, pods, seeds) is produced. 
Thus, annual growth in terms of height and diameter growth and production in terms 
of wood and other biomass components is the net available (visible) after the annual 
losses from the system. 

Effect of environmental factors on growth has shown a positive linear correlation 
of height and radial growth with maximum air temperature. The relationship with 
minimum temperature was negative. Root growth also followed the same pattern. 
Similar was the situation in coppice growth (Chapter 4.2-2) where growth between June- 
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September was maximum comp^ed to oth^ months. December-March was the period 
when height powth was almost negligible but the diameter growth was appreciated. 
This phasic growth in height and diameter is typical to deciduous trees. Varieties 
showing maximum height and diameter growth (S24, K8, S14 and S22) were also those 
which gave similar performance in their early powth. 

The major advantage of powth analysis is the simplicity of its technology, but 
the simplicity also limits its resolving power. The techniques of powth analysis were 
most valuable before newer tools were developed, such as infra-red gas analyzer for 
measurement of CO 2 exchange, the point hygrometer for measurement of transpiration, , 
and isotopes for assay of translocation and of carboxylating enzymes. However, powth 
analysis is still a valuable adjust to more sophisticated and costly procedures. 

Using classical methods of powth analysis, mean values for RGR, NAR, LAR 
and other parameters are calculated for the inter harvest period by integral equations. 
The assumptions involved in choice of computational formula is not always recognized. 
The use of fitted growth curves to cdculate parameters of powth analysis by different 
formula, a dynamic method, is currently prefeixed. It leads to no conflicting assumption 
and has other appealing characteristics, both practical and aesthetic. However, the 
choice of powth curves may bias results. 

Growth analysis provides a relatively simple and inexpensive technique for 
investigating genetic or environmental effects on growth. Measurements of dry weight . 
and leaf area are made at periodic harvests and used to estimate powth parameters 
(RGR, RLGR NAR) or structural parameters (LAR, LWR, SLA, LAI, LAD). Relative 
growth rate (RGR) may be partitioned among appropriate sets of these parameters. The 
concepts of powth analysis have been extended to productivity of entire canopies or 
stands of vegetation by dimension analysis. For trees, periodic harvest and weighing are 
a major problem and dimension analysis relates weight to easily measured variables such 
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as dbh using regressions derived from samples. At smilii^ stage K8 has shown' 
minimum RGR followed by S22 while the p^ was in S14. The RGR was negatively 
correlated with seedling height, diameter and dry weight. This is apparent in the coppice 
growth too and its biomass production during the years. 

Continxiation of growth over time is dependent upon several factor including the 
plant’s strategy and functional attributes. A comparison of early growth with coppice 
and the potential 5 year growth indicates that the early potential height was maintained 
at 3rd year. Varieties S24 and K8 wore top performers in height and diameter growth 
(Table 5.1). Height growth of potential 5 years also had the same trend. Height and 
diameter growth variation between the veuieties were statistically significant (Table 
4.2.3). In the coppice growth, at the end of 1 year, S22 and SIO gave peak 
performance which changed to S24 and K8 at year 2 and 3. S14 was the poorest in 
terms of growth. Thus, at 3 years coppice growth, the earlier 5 years growth trend is 
confirmed. The grovrih differences during first year were non significant except for the 
height while during the second year it was the dbh and height that were significantly 
varying across varieties and the seasons. The first year coppice growth behaviour 
corresponded with the first year potential growth (Table 5.1). 

Table 5.1 : Growth characteristics of Lewcaewa /ewcocepAa/a varieties at various growth stages. 


Variety 

Daily growth rate 

Growth at 5 yrs. 

Coppice growth 


Height 

Diameter 

Height 

dbh 

Height (m) 

Diameter 

(cml 


(cm/day) 

(mm/day) 

(m) 

(cm) 

Yr 1 

Yr2 

Yr3 

Yr 1 

Yr2 

Yr3 

S24 

0.49 

0.62 

12.8 

9.5 

6.38 

9.50 

10.59 

3.55 

7.03 

9.50 

S22 

0.49 

0.67 

11.7 

8.9 

6.84 

9.20 

10.03 

3.80 

7.53 

8.70 

S !4 

0.49 

0.60 

12.5 

9.9 

5.94 

8.82 

9.30 

3.48 

6.88 

7.70 

S 10 

0.50 

0.56 

12,5 

10.1 

6.54 

9.01 

10.00 

3.59 

7.13 

8.60 

K8 

0.48 

0.67 

12.8 

9.1 

6.24 

9.41 

10.29 

3.83 

8.40 

9.07 
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Some investigators have found either a weak correlation or none at all betweai 
measurements of photosynthesis and gro^^rth. The best correlation was reported by 
Huber and Polster (1955) for some of the clones of poplar (Populm L) which vary in 
their growth. Frequently there is negative correlation between seedling size and unit . 
photosynthesis (Ledig 1969). A week correlation was reported between photosynthesis 
and biomass production (Ledig and Botkin 1974). Ledig et al. (1976) reported that dry 
matter production should be related to the total COj fixed during longer period so that 
the necessary stable conditions exist. Greater size, more leaves and greater depth of the 
seedling crown result in self shading or a reduction in the averse light intensity 
reaching the leaves (Kramer and Clark 1947). This implies that seedlings with high 
photosynthetic rate and thus potentially fast growing, experience self-shading sooner than 
seedlings with low photosynthetic rates, as a result their relative growth rate declines 
rapidly. In this study also negative correlation of dry matter production with water u^ 
efficiency and the carboxylation efficiency during early growth indicates possible losses 
through leaf fall, reproductive efforts and respiration. 

The ecophysiological studies have provided functional aspects of the growth and • 
production of the Leucaena leucocephala varieties. The rate of photosynthesis and COj 
uptake are important components of growth (Ledig and Botkin 1974). Analysis of 
seasonal pattern of CO 2 exchange of different plant parts may also be useM in 
constructing physiological models to explain tree gro-wth (Ledig 1969). Because of the 
potential utility of growth components in plant improvement, it is desirable to quantify 
genotypes and genotype - environment variations in photosynthesis. The mean 
photosynthesis rate was maximum in S24 while the lowest was in SIO (Table 5.2). 
Transpiration rate was maximum in K8 followed by S14 but the differences were non 
significant (Table 4.1.2). The monthly variations were significant statistically shoAving 
the role of ambient temperature and PAR. This behaviour has established higher water 
use efficiency for S24 followed by SIO and K8. S14 had the poorest water use 
efficiency. It is further supported by the internal CO 2 concentration. 
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Caxbon balance model has been to describe plant growth in relation to 
light and COj levels (Monteith 1965) and experiments under controlled environmental 
conditions have established a relationship between light and CO 2 exchange (Me Cree 
and Troughton 1966). Increased shoot and root respiration and reduced photosyntiwsis 
or both may result in NAR decline (Drew and Ledig 1981). The ecological efficiency 
and production / biomass ratio (P/B ratio) again shows the superiority of S24 followed 
by K8. SIO was the poorest in efficiency and the P/B ratio. 


Table 5.2 : Functional characteristics of Leucaena lettcocephala varieties. 


Variety 

Ecolo- 

gical 

efficien 

cy 

(%) 

Produ- 
ction / 

Biom- 

ass 

ratio 

Water 

use 

efficiency 

(PN/TR) 

Net 

photosy 

nthesis 

(umol 

/s) 

Tran- 

spira- 

tion 

(TR) 

m.mo 

IH2O/ 

mVs) 

CENT 

(PJMJI) 

Mim- 

osine 

conte- 

nt 

(%) 

Seed / Pod 

weight ratio 

Winter 

Sum- 

mer 

S24 

3.348 

0.77 

1.59 

13.22 

8.63 

240.56 

2.9 

1.07 

0.749 

S 22 

3.041 

0.70 

1.51 

11.66 

8.49 

230.93 

3.74 

1.032 

1.062 

S 14 

2.583 

0.71 

1.43 

11.92 

9.2 

237.78 

3.71 

1.043 

1.119 

S 10 

2.536 

0.59 

1.58 

10.67 

7.84 

243.45 

2.92 

1.159 

1.24 

K8 

3.220 

0.74 

1.58 

11.46 

9.0 

230.0 

3.28 

0.937 

1.013 


Presence of mimosine in leaf is an important characteristics of a variety. S24 
was a low mimosine variety while S22 was with the maximum mimosine content. 
Mimosine and leaf protein are positively associated parameters in these varieties too. 

The seed / pod weight ratio indicates biomass wastage from a tree since seeds 
are collected for planting programmes. The behaviour of this ratio changes with season 
(Table 5.2). Thus, low ratio in K8 during winter and S24 during summer indicates 
high wastage by these two varieties during specific seasons. But summer seed 
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production is very low in S24 compart to K8. S24 being late flowering produces 
relatively low seed yield too. It is reflected in the test weight of seeds (Table 4.2.2). 
It is this attribute that impacts capacity to accumulate more wood biomass in S24. 


Table 5.3: Biomass production chmacteristics of Leucaena leucocephala varieties 


Variety 

Biomass 

production 

( 5 years) 

Coppice growti of 

bt year 

Had Year 

IHrd Year 

Bole 

Total 

Bole 

Total 

Bole 

Total 

Bole 

Total 

S24 

39.2 

56.36 

3.13 

7.3 

16.96 

32.12 

20.8 

46.7 

S22 

30.8 

44.73 

4.198 

11.38 

13.55 

37.5 

17.67 

40.69 

S14 

34.3 

43.18 

2.71 

7.59 

10.55 

26.39 

14.12 

34.02 

SIO 

36.0 

50.16 

4.89 

10.88 

13.18 

26.19 

17.29 ' 

39.28 

K8 

26.4 

41.34 ' 

3.81 

8.73 

14.58 

34.02 

19.09 

43.89 


Early growth and biomass accumulation showed its peak in K8 followed by SIO 
at 1 year, but at year 5 it was in S24 followed by SIO (Table 5.3). K8 remained the 
lowest. The coppice shoots gave peak in SIO at year one, S22 at year two and S24 in 
year three. If only bole biomass is seen, it was maximum in S24 at year 2 and 3. Thus, 
the behaviour of vaneties remained almost similar in all the cases. In woody species the 
first year growth and production although indicates the potential but stistained lead by 
a variety is only established if losses in form of litter are low in successive years. 
Ultimate superiority of S24 is the result of such a strategy. It is further supported by the 
energy flow diagrams (Fig. 4.2.15 - 20) of the varieties. Maximum contribution to bole 
biomass, in S24 and K8 further supports the observations. The plantation has shown 
higher ecological efficiency as generalized for the forests by Helmers (1964). In this 
study water use efficiency and ecological efficiency appear to follow similar trend 
indicating its value (PN/TR) as a predictive tool for estimating the superiority of a 
variety for higher biomass production. 




SUMMARY 


The proposed investigations were carried out on morphological, ecological, 
physiological and biochemical behaviour of Leucaena variants (S24, S22, S14, SIO and 
K8) to understand their growth behaviour, contributing to the biomass production 
partitioning and energetics on a rainfed degraded land. These variants were from the 
final evaluation trial where K8 was used as control. The studies for growth and biomass 
production of selected Leucaena variants were carried out at Central Research Farm 
(Military Padav area) of the IGFRI, Jhansi ( 75.35 longitude, 25.27 latitude and 
275 m above mean sea level altitude). For early growth, morphological, physiological 
and biochemical characters the pot culture experiments were conducted at pot culture / 
experimental house of the Plant Physiology and Biochemistry Section, IGFRI, Jhansi. 
The salient findings are as under: 

1. All the five Leucaena varieties were found to be statistically significant for 
morphological characters like leaf length, number of pinna pairs, length of pinna, 
number of flower per head and mimosine percentage in leaf. 

2. The summer and winter produced pods and seeds have shown significant 
variation between the varieties and season. The summer produced seeds were lighter than , 
the winter produced seeds. In winter and summer S22 and SIO produced heaviest seeds. 

3. In seasonal study the extension growth was maximum from July to October. The 
rate of relative extension growth was found to be Mghest at seedling stage. On an 
average extension growth was maximum in SIO and lowest in K8 variety. 

4. The radial growth was found to be maximum in the month of November and 
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again during January to March. On an avmige the stem diameter growth of K8 and S24 
exceeded to those of SIO and S14. This shows the superiority of K8 and S24 for wood 
production over SIO and S14. 

5. The growth of all the varieties was sgmchronized with the shoot elongation. The 
root growth was maximum during favourable growth period (July to October ) and 
minimum in between February and March. K8 attained maximum root length followral 
byS14. 

6. As the plants grow the production of nodule was also found to increase. But in 
winter it showed decline which may be ascribed to dormancy. S24 and S22 produced 
maximum number of nodules. 

7. The higher leaf turn over rate was in S22, S24, and S14 indicating their higher 
fodder production than SIO and K8. In winter leaf production was low and in suimner 
it increased showing its dependency over seasonal temperature. 

8. The production of branch increased up to March. From April it showed decline 
due to seasonal dryness. Profuse branching was observed in K8 which led to higher 
biomass production. 

9. The rate of photosynthesis (PN) and stomata! conductance (CS) were higher in 
S24 exhibiting its higher productivity potential. In general PN, CS, were highest in 
rainy season and lowest in summer months. 

10. The rate of transpiration was maximum in summer and minimum in winter. The * 
variety S24 had minimum rate of transpiration predicting its suitability for dry and arid 
environmental conditions. 
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11. Intercellular COj concentration was low in peak growing months exhibiting fast 
fixation of COj in the course of photosyntitesis leading to enhanced productivity. 

12. Water use efficiency (ratio of PN/TR) was lowest in summer due to high loss of 
water vapour. On average S24 had shown its highest water use efficiency indicating its 
better productivity in dry environment. 

13. The carboxylation efficiency (ratio of PN/CINT) was highestin rainy season and 
was lowest in summer. The maximum carboxylation efficiency of S24 and K8 exhibited 
their higher productivity potential over other varieties. 

14. The total biomass production in term of fire^ weight and dry weight was found 
to increase with the age of plant. Maximum dry matter accumulation was between 
October-January. Variety K8 had maximum biomass accumulation followed by S24, 
SIO and S22 as confirmed by relative growth rate of there varieties. 

15. Dry matter partitioning was maximum in stem than roots and leaves in all 
varieties. In early stages of plant growth leaves had maximum biomass accumulation 
which was decreased with the age of plant. Varieties S24 and S22 partitioned maximum 
biomass to stem indicating the better wood production potential. This is also evidenced 
by their Root: Shoot ratio. 

16. Lerf area increased with the age of plant. This parameter was found to be closely 
related with all morphological parameters as evidenced by positive and significant 
correlation co-efficient with other growth and morphological characters. 

17. Specific Leaf Weight (SLW) was found to be related more to seasonal changes. 
SLW was maximum in S24, S22 and si 4 than K8 showing their superiority for higher 
production. Specific leaf area was maximum during early seedling stage representing 
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its more contribution in the establishment pha^. 

18. Leaf Weight Ratio (LWR) and Leaf Area Ratio (LAR) were maximum in the 
early stage of growth but declined as the leaves attained maturity. Overall selections 
showed higher LWR over K8 indicating their superiority in foliage biomass production. 

19. The photosynthetic pigments in all the varieties were highest in peak growing' 
season and also from April- June, when the flushing of new leaves occurred. Maximum 
accumulation of chlorophyll content was exhibited by selections than K8 exhibiting their 
higher photosynthetic efficiency. 

20. Nitrate reductase activity (NRA) was found to increase with the age of leaves and 
as the leaves attained maturity there was a decline. Seasonal influence was more 
prominent on NRA activity. 

21. The carbohy drate content (Sugar and Starch) was influenced with the age of plant 
and season. The sugar and starch accumulation in stem and roots was more in all the 
selections than K8 indicating that this stored carbohydrates can be made available for 
fast coppicing / regeneration. Therefore, these selections were having higher coppicing 
potentiality . 

22. Crude protein content was maximum during growing season in all the varieties. 
Leaves and root had maximum accumulation of crude protein content than the stem. 
However, varietal difference were statistically insignificant. 

23. Coppice growth was influenced by the season. All varieties had peak growth 
during June-September (rainy season). The first one year coppice growth was faster as 
compared to second year. In the coppice growth, lowest Leaf / Stem ratio was in June 
(end of dry phase) while it was maximum in November, December and March in all the 
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varieties. 

24 The biomass productivity of coppice stands at first, second and third yms of 
growth have shown maximum in second year and minimum in the first year. The mean 
productivity of coppice stands was found to be more than that of pure stands on same 
dry land. 

25. Leucaena continued to drop leaf litter throughout the year. To this, flower Utter 
are added during October-November and March-April and pod, seed and branch litter 
during December-March and May - June respectively. In the present study peak_ 
production was during March followed by May and November. 

26. The ratio between wood and bark was found to increase with the age. Maximum 
ratio was in variety K8 showing its superiority for wood prod^xtion. 

27. Energy storage in different plant parts over 3 years showed maximum allocation 
to bole during all the three years followed by below ground + stump. S24 and SIO and 
SI 4. However S24 and SIO contributed their higher wood biomass production potential 
and may be suitable for plantation in semi arid environment. 

28. During the first year of coppice growth the minimum allocation was to litter 
biomass while in years 2 and 3 it was to leaf. Allocation to bole increased in 2nd year 
after which there was a decline. 

29. On comparison for energy storage with other plantations, the Leucaena coppice 
plantation had more capacity for energy storage. S24 and SIO had contributed maximxun 
portion of energy to the total net production indicating their high wood biomass 
production potential and may be suitable for plantation in semi-arid environment for 

woody biomass production. 

-. 1 ^' . , 
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